VARIATION IN GROWTH PATTERN IN THE SAND DOLLAR, ECHINARACHNIUS PARMA, (LAMARCK) by LOHAVANIJAYA, PRASERT
University of New Hampshire
University of New Hampshire Scholars' Repository
Doctoral Dissertations Student Scholarship
Summer 1964




University of New Hampshire, Durham
Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
LOHAVANIJAYA, PRASERT, "VARIATION IN GROWTH PATTERN IN THE SAND DOLLAR, ECHINARACHNIUS PARMA,
(LAMARCK)" (1964). Doctoral Dissertations. 2339.
https://scholars.unh.edu/dissertation/2339
This dissertation has been 65-950 
microfilmed exactly as received
LOHAVANIJAYA, Prasert, 1935- 
VARIATION IN GROWTH PATTERN IN THE SAND 
DOLLAR, ECHJNARACHNIUS PARMA, (LAMARCK).
University of New Hampshire, Ph.D., 1964 
Zoology
University Microfilms, Inc., Ann Arbor, Michigan
VARIATION IN GROWTH PATTERN 




B. Sc. , (Honors), Chulalongkorn U niversity, 1959 
M . S . ,  U niversity of New Ham pshire, 1961
A THESIS
Submitted to the U niversity of New Hampshire 
In Partial Fulfillm ent of 
The Requirem ents for the D egree of 
Doctor of Philosophy
Graduate School 
Department of Zoology 
June, 1964
This thesis has been examined and approved.
M ay  2 2 , 1 9 6 4 .
Date
An Abstract of 
VARIATION IN GROWTH PATTERN 
IN THE SAND DOLLAR,
ECHINARACHNIUS PARMA, (LAMARCK)
This study deals with Echinarachnius parma, the 
common sand dollar of the New England coast. Some problems 
concerning taxonomy and classification of this species are 
considered. The body of the study is limited to the con­
sideration of variation in respect to four characteristics 
of the species: 1) Variation in relative linear dimensions;
2) Variation in test weight; 3) Variation in numbers of 
pore-pairs in the petals; and 4) Variation in contact 
between first post-basicoronal interambulacral plates and 
the basicoronal plates.
Collections were made from eight localities, three 
in Maine, three in New Hampshire, and two in Massachusetts, 
with a total of 2220 specimens. The linear dimensions 
(length and width) of these specimens have been determined.
For comparisons of the relationships between test 
weight and size 298 specimens were weighed. In connection 
with the study of numbers of pore-pairs in the petals these 
pore-pairs were counted on 154 specimens. The study of
variation in contact between first post-basicoronal inter- 
ambulacral plates and basicoronal plates was limited to the 
majority of the specimens from two localities in Maine and
two in New Hampshire —  a total of 1282 specimens.
The relationships of width to length, of test
weights to mean diameter, and of mean numbers of areas "out
of contact" per specimen to mean diameter are considered.
Three kinds of habitats are recognized in this study 
1) Coarse loosely-packed sand with current, 2) Fine hard- 
packed sand v/ith surf, and 3) Sand and mud substratum with 
little surf and only moderate current.
It appears from this study that the sand dollars 
that live in the current situation are growing longer than 
wide whereas those from sandy beaches with surf are wider 
than long.
The animals that live in the habitat with current 
tend to have smaller numbers of pore-pairs when compared 
with those of comparable size from sandy beaches with surf.
The weights of tests of specimens from localities 
in Maine were found to be heavier than those from New 
Hampshire localities. In this connection it is noted that 
average annual water temperatures near the Maine localities 
have been recorded as some 3°F lower than from near the 
New Hampshire localities and that a previous work (Raup,
1958) showed that the Pacific sand dollar Dendraster 
excentricus produces heavier tests in colder water.
The populations from Maine average higher in the 
number of areas "out of contact" than do the New Hampshire 
populations. The most frequent sequence in which the areas 
of the test lose contact appears to be 5, 1, 4, 2, 3. All 
the possible combinations of areas "out of contact," however, 
have been found among the 1282 specimens examined. As had 
been previously noted (Durham, 1955), Hampton Harbor supports 
a population of unusual variability in this respect. There 
appears to be a fairly definite tendency within each of the 
areas of the test for one of the first post-basicoronal 
interambulacral plates to lose contact ahead of the other 
except possibly in area 3.
Possible relationships between environmental 
differences and each type of morphological variation are 
discussed.
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General. The sand dollars are much flattened 
irregular sea urchins (phylum Echinodermata, class 
Echinoidea, order Clypeasteroida). Additional details of 
classification are discussed later and dealt with exten­
sively by Durham (1955) and Durham and Melville (1957). 
They live on or near the surface of sandy to muddy 
substrata from the intertidal to considerable ocean 
depths. There are a number of extinct species, and the 
living species are found in various parts of the world. 
Economically they most frequently affect man through their 
role as food for bottom-feeding fishes of the cod and 
flatfish groups. Their cleaned tests are also used 
ornamentally, and their eggs and developmental stages are 
used extensively by embryologists, physiologists, and 
other biological scientists.
Durham (1955) in his notable publication on Clas­
sification of Clypeasteroid Echinoids has in greater or 
lesser extent dealt with an assortment of aspects of the 
biology of these animals. Included, among others, are 
growth rate and changes in the external parts of the test
2as growth proceeds. The usefulness of growth rings as 
guides in age determination is discussed (pp. 85-87). The 
various parts of the test were studied in respect to 
numbers and arrangements of the plates included and any 
changes in these respects that might occur. Variation in 
"relative width versus length" in Dendraster is mentioned 
(p. 100), and the question is raised as to whether differ­
ences in the characteristic shape of individuals from 
different areas may or may not indicate different species 
or subspecies. Occasional mention is made of variation in 
the thickness in various species of the order - i.e. the 
distance between the oral surface of the animal and the 
maximally raised point on the aboral surface. That this 
variation may, within what has been considered a species, 
be sizable is indicated by the statement in H. L. Clark's 
(1914) original description of Echinarachnius parma var. 
obesa to the effect "that the test is remarkably high, the 
vertical diameter often one-fourth of the test length" 
(fide p. 63 Grant & Hertlein, 1938). Another dimension 
occasionally alluded to, particularly in discussion of the 
probable degree of evolutionary advancement of the taxa 
mentioned, is the thickness of the animals at the margin- 
of the test (Durham, 1955, p. 157).
3In Dendraster rare deviants from Loven's law 
according to which the basicoronal and first post-basi­
coronal ambulacral plates la, Ila, Illb, IVa, and Vb should 
be larger than plates lb, lib, Ilia, IVb, and Va are 
indicated (p. 104), and one is reminded of Jackson's 
(1912, 1914) studies of the arrangements of ocular plates
in regular urchins and of Swan’s (1962) finding certain 
arrangements of ocular plates to be indicative of situs 
inversus and that in one locality this condition occurred 
in unusual abundance.
A most stimulating suggestion made by Durham 
(1955) concerning plate arrangement deals with the separ­
ation of the interambulacral columns of post-basicoronal 
plates from the basicoronal plates. He indicated (p. 93) 
that:
Among the scutellinid echinoids the geologically 
younger genera.... tend to have the interambulacral 
columns separated from the basicoronal plates, whereas 
in the older genera.... these columns and plates are 
in contact.
In this respect Dendraster, in which the separation appears 
(p. 102) almost or completely general, would thus be con­
sidered advanced. In the fossil genus Astrodapsis one of 
the oldest species A. brewerianus is characterized by 
having:
4• • . .tinG C £ tri6 in £-0 jT 13.C iHT cl i, i., ^ , oTt 3.
"^Tf •  9  «  •  S  tv - -JU Jk>. I* ft 'W  it .* W  C *  W ’ W- l*k A -  \* - f t  It 4*»ft * S -  Jk^*1 O k  - A  <M_ '■k .^ J t .  '*«✓ I t  It C it .Jft. £ »  'w  t 5  - w
(p. 106)
but
In all other species examined the post-basicoronal 
plates normally are well separated from the basicoronal 
plates (p. 106).
Durham's studies of the variation in plate arrangement for
Echinarachnius parma (pp- 107-109 and 111) indicate it to
be an unusually variable species, and Hampton Harbor, New
Hampshire, is indicated as a locality where variation is
great (Table 3, p. 108).
Through the study of series of Echinarachnius parma 
(Lamarck) from localities separated by several hundred 
miles and from localities near one another, but appreciably 
different environmentally within the tolerance limits of 
the species, it is hoped that the present study may shed 
some light on whether or not differences in relative 
dimensions and plate arrangements appear to be correlated 
with differences in the environments where the animals 
grow. Whether or not there is a causal relationship 
through environmental induction of the differences or 
through selection of genetically different strains by 
different environmental conditions cannot be determined at 
this time. Even so it is only through gathering data on 
localities where unusual variants occur that we can hope
5to formulate the questions that may eventually elucidate 
what the causal relations are.
It has been the aim of this investigation to 
further knowledge in this direction.
Taxonomy and Classification. This investigation 
deals almost entirely with the common sand dollar of the 
New England coast. This species was first described and 
named by Lamarck as Scutella parma in 1816. Lamarck 
characterized the species as:
Sc. orbicularis, dorso convexiuscula; ambulacris 
quinis subovatis, apice disjunctis: subtus sulcis
quinque ramosis; ano marginali.
On the basis of this brief description and earlier illus­
trations referred to and because there is no other species 
living in this geographic area with which it might be 
confused, the identity of the material here studied and 
Lamarck's species is certain. However, at present this 
species is generally considered to belong to the genus 
Echinarachnius. In this connection two matters need 
consideration. 1.) On what criteria is Echinarachnius 
different from Scutella? 2.) Is the name Echinarachnius 
correctly used for this genus?
The genus Echinarachnius is closely related to 
Scutella. However, L. Agassiz, 1841, pointed out that 
Echinarachnius differs from Scutella by its open petals,
by its more circular shape, and by the marginal location of 
the periproct. The periproct of the genus Scutella is 
inframarginal. The ambulacral furrows (food grooves), 
according to Mortensen 1948, bifurcate in Scutella and 
after this branching there is no continuation of the main 
stem. In Scutella this bifurcation occurs in the second 
ambulacral plate from the peristome (counting the basi- 
coronals as the first). In contrast, in Echinarachnius 
the main stem continues to the margin and branching from 
this main stem does not begin until the third ambulacral 
plates. Figure 1-1 illustrates the characteristics relating 
to the ambulacral grooves.
Mortensen (1948) considers these two genera to 
belong to the same family, the Scutellidae, but more recent­
ly Durham (1955) and Durham and Melville (1957) have 
separated the Echinarachniidae from the Scutellidae as a 
separate family but remaining in the suborder Scutullina 
and the order Clypeasteroida, superorder Gnathostomata, 
and subclass Euechinoidea. These are subdivisions of 
the class Echinoidea of the phylum Echinodermata.
The generic name Echinarachnius along with the 
generic names Arachnoides and Echinodiscus have in their . 
early usage been applied in such manners as to render the 




Figure 1-1. Ambulacral furrows (Food grooves)
a. of Echinarachnius parm a. Specimen from  
Hampton Beach, New Hampshire ( 1 . 1X) .
b. of Scutella leognanensis. After Mortensen. 
Monograph of the Echinoidea, IV. 2. p. 361, 
1948. (who got it from L. A gassiz. Mono- 
graphie des Scutelles, 1841, Tab. 17. I, 2. ).
8intricate problems of Zoological nomenclature" (Mortensen, 
1948). The matter has been resolved, however, by the 
International Commission on Zoological Nomenclature in its • 
Opinion 277 (1954), according to which Echinarachnius Gray, 
1825, is validated and Scutella parma Lamarck, 1816, is 
designated as the type species of the genus.
This species properly called Echinarachnius parma, 
as indicated above, has often been designated by other 
synonymous names of which Mortensen (1948) lists: Scutella
parma Lamarck 1816; Scutella trifalia Say 18 26; Echinodiscus 
parma Blainville 1830; Phelsumia parma Pomel 1883; and 
Phelsumaster parma Lambert & Thiiry 1924.
Mortensen (1948) discusses the genus in terms of 
three living taxa: E. parma (Lamarck), _E. parma obesus
H. L. Clark and jE. asiaticus Michilin. He is very doubtful 
of the distinction between the latter two, and specimens 
essentially like the Pacific _E. parma obesus are said to 
have been collected from the Atlantic. Thus its separation, 
even as a variety or subspecies, needs substantiation on 
the basis of statistical studies and evidence as to 
whether such differences are genetic or environmentally 
induced. There are reported a number of fossil forms in. 
the genus. Mortensen notes (1948) Eh parma sakhalinensis 
Argamakowa, and Nisiyama (1940) notes others. Since the
9separation of Echinarachnius from Scutella, there have heen 
a number of species assigned to the former genus that have 
been separated from ir for various reasons- Durham (1955) 
categorically states that none of the uniquely Pacific 
species listed by Grant and Hertlein (1938) as members of 
the genus properly belong in it. Durham (1955) also 
examined Nisiyama's (1940) treatment of the genus and 
excluded all but a few of the species he listed. The 
literature is replete with references to Echinarachnius 
mirabilis (A. Agassiz) but in 1948 Mortensen recognized 
A. Agassiz's genus Scaphechinus, which Agassiz had formed 
for this species in 1863 and then rejected as synonymous 
with Echinarachnius in 1872. Mortensen (1948, p. 374) 
indicates that the genus Scaphechinus:
Differs from Echinarachnius in the ambulacral 
furrows dividing at the 2nd ambulacral plates into 
two diverging main branches, which have a varying 
number of small side-branches distally, mainly on 
the outer side. The main stem of the furrows does 
not continue beyond the branching point. Apical 
system usually central, with four genital pores. 
Periproct marginal or slightly supramarginal.
However, Okada (1953), Morishita (1955), and 
probably others continued to use the name Echinarachnius 
mirabilis. From Mortensen1s diagnosis of the genus 
Scaphechinus it is obvious that in it the position of the 
anus is essentially as in Echinarachnius while the arrange­
ment of food grooves is like Scutella (cf. pp. 365-366,
10
Mortensen, 1948). The west American Dendraster excentricus 
has also from time to time been listed as a member of the 
genus Echinarachnius, but its posteriorly located apex 
makes it readily separable from the others, and Durham 
(1955) on this basis, along with other differences, considers 
it to constitute a separate family, the Dendrasteridae -- 
a name used somewhat differently earlier by Lambert (1899).
Thus we may conclude that Eh parma is the only
known extant species of the genus Echinarachnius in the
Atlantic, and that, while in the Pacific there may be a 
number of additional closely related forms, the vast 
majority of other species attributed to this genus by 
various authors do in fact belong to other genera.
Distribution and Habitat. Echinarachnius parma is
the common sand dollar of the New England coast. Grant and
Hertlein (1938), Hyman (1955), Durham (1955), and 
Mortensen (1948) agree in stating that the northern 
recorded limit of occurrence of this species on the 
Atlantic Coast of North America is Labrador. Mr. Charles 
E. Cutress, Associate Curator of Marine Invertebrates at 
the U. S. National Museum writes (personal communication) 
in confirmation that the specimens in the collections of . 
that museum from the northernmost localities are from 
Labrador. That territory has a long coast covering several
11
degrees of latitude, and more specific records appear not 
to be readily obtained.
No such unanimity of opinion exists concerning the 
southern limit of occurrence of the species on the Atlantic 
Coast of North America.. Grant and Hertlein (1938) indicate 
New Jersey as the southern limit, while Mortensen (1948), 
Hyman (1955), and Durham (1955) list Maryland. Recently 
(December, 1953) Dr. J. W. Durham wrote to Dr. Emery F.
Swan stating,
I have recently seen specimens of Echinarachnius 
parma from Cuba and the Bahamas. I have also heard 
of it being found as far south as Cape Hatteras.
Mr. Charles E. Cutress, in the letter referred to previously,
indicated the southernmost recorded locality noted in the
collection of the U. S. National Museum to be the coast
of Virginia.
The species is found on both sides of the north 
Pacific and on the American side extends eastward for some 
ways on the Arctic Coast of Alaska. The southern limit of 
distribution on the American side is variously stated as 
being Vancouver, British Columbia or Puget Sound. Early 
collectors often confused Dendraster excentricus 
(Eschscholtz) with the species in question, and from the 
period when this latter species was considered a member of 
the genus Echinarachnius there remain numerous records of
12
the genus without designation of species. Between these 
problems of identification and the frequent use of the term 
"Puget Sound" with a degree of indefiniteness difficult to 
determine, there exists a situation which can probably be 
clarified only by field work and the study of museum 
specimens.
Of the published accounts Grant and Hertlein's 
(1938) statement that the species occurs north to Point 
Belcher, Alaska, appears to be the extreme northern record 
on tne Air.srrcan s m e  or m e  Pacrrrc a no. connecmng Arcr.ro. 
Recently (January, 1964) Dr. L. G. Hertlein reported 
(personal communication) that in the summer of 1954 Dr.
G. D. Hanna dredged specimens from a number of localities 
on the north coast of Alaska and that these specimens are 
in the collections of the California Academy of Science in 
San Francisco. The northernmost and easternmost of these 
localities is a place 7 miles SW of Point Belcher, Alaska, 
Arctic Ocean (Lat. 70° 44' 55" N., Long. 159° 53' 55" W., 
at depth of 60 feet).
Zenkevitch (1963, p. 834-836) stated that the Bay 
of Anadyr is the coldest part of the Bering Sea, but that 
the western coast of the bay is somewhat warmer because of 
a small warm current entering it. On the sand of this 
western side of the bay _E. parma lives in huge numbers. It
13
is absent from the other parts of the bay. This appears 
to be the northern-most record of _E. parrtia on the western 
side of the Bering Sea or North Pacific.
From the above we can see that along the Alaskan 
coast the species JE. parma has been found as far north as 
around Point Belcher (Lat. 70° 44' 25" N., Long. 159° 53‘
55" W.), whereas on the northeastern coast of Asia there is 
no record of finding this species further north than the 
Bay of Anadyr, U.S.S.R. (approx. Lat. 65° N., Long. 178°
W.). One possible explanation for this distribution is 
that there are two divisions of the Bering Sea water. It 
is colder in the western region and warmer in the eastern 
region. This division is particularly pronounced in the 
northern part of the sea (Zenkevitch, 1963, fig. 419), thus 
allowing this species to live further north on the Alaskan 
coast than on the Asiatic coast.
This species is found on both the North Atlantic 
and the North Pacific but has not been found in the sea 
which lies between. Ekman (195 3) called this 'Discontinuous 
Atlanto-Pacific distribution'. Mortensen (19 27, 1948) 
concluded that this species must have had a continuous 
distribution all along the northern part of the North 
American continent during a warmer period. Later when the 
colder period came, the population in the northern region
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died out, and the populations of the east and the west 
coasts of North America became separated. He also 
mentioned that the separation of the eastern and western 
populations has not been long enough for them to develop 
into separate species, although slight differences have 
been noted (Mortensen, 1927).
Mortensen (1948, p. 37 2) indicates that on the 
Asiatic side of the Pacific the southernmost record of the 
occurrence of the species is Schiaukhu Bay in Japan. Thus 
the species occurs considerably further south on the Asiatic 
shore of the Pacific than on the American west coast. In 
view of known current and shore temperature distributions 
this is to be expected.
The species is apparently absent from the European 
coast, possibly being isolated by the great depths of the 
North Atlantic and the even more rigorous conditions north 
of Siberia than north of Canada. On the other hand, in the 
Northern Pacific, EJ. parma is well distributed on both the 
Alaskan and Canadian coasts on the east and the northeastern 
Asiatic coast on the west. This is probably because of the 
fact that the Bering Sea is a shallow sea; the depth, for 
the most part, is less than 200 meters (Zenkevitch, 1963,- 
fig. 323).
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This species occurs from the littoral zone down to 
a depth of 1600 meters (Mortensen, 1948) .
This sand dollar, as the name implies, inhabits 
sandy substrata which have certain amounts of organic 
materials. They bury themselves directly in the sand, close 
under the surface (Hyman, 1955). Figures 1-2 and 1-3 are 
taken from Crow Neck, Maine, and Hampton Harbor, New 
Hampshire, to show their natural habitats. Parker (1927) 
and Parker and Van Alstyne (1932) found this sand dollar 
buries itself by the activity of the podia and the spines. 
They are usually found in large numbers in a suitable place 
in the form of colonies. Up to 200 specimens per square 
meter have been found on pure fine-grained sands at depths 
of 40 meters in La Penrouse Strait, the Sea of Okhotsk, 
U.S.S.R. (Zenkevitch, 1963).
Figure 1-2. The sand dollar, Echinarachnius parma,
in its natural habitat at Crow Neck, Maine.
Figure 1-3. The sand dollar, Echinarachnius parma, 






External Anatomy. Echinarachnius parirta is usually 
nearly circular in outline, but some specimens are slightly 
elongate and others somewhat broader than long. Occasional 
individuals are more or less distinctly pentagonal in out­
line. All the specimens I have encountered in this study 
have been strongly flattened, but Mortensen (1948) in his 
discussion of _E. parma obesus H. L. Clark, which he states 
may be \ as high as the horizontal diameter of its test, 
indicates that exceptional specimens of _E. parma even from 
the Atlantic are almost as high or thick. The test is flat 
or slightly concave on the oral surface and arched aborally. 
The largest size recorded is 98.8 X 102.6 mm. (Diakonow, 1938). 
The test in life is densely covered with short spines. In 
life these spines vary in color from very pale brownish-grey 
through deep cinnamon brown to near black, being darker in 
larger older individuals and on the aboral side. When the 
animals die, a green coloring material appears to exude 
from the spines after death and on drying the green color' 
may remain evident, but most dried specimens appear nearly 
black.
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There are two types of spines, the long and very 
slender miliary spines and the somewhat heavier and shorter 
primary spines (Figure Il-l), (Mortensen, 1948). The miliary 
spines on the oral surface are longer and pointed at the tip 
when compared to the miliary spines of the aboral surface 
which are very slender, not pointed, and usually thorny.
The primary spines on the aboral surface are quite short 
and widened at the distal end, whereas the ones from the 
oral surrace are moQ.erar.exy stender anQ longer, and are not 
specially developed. The spines are used primarily for 
locomotion.
Among the other external appendages, there are 
pedicellariae, sphaeridia, and the tubefeet or podia. From 
Hyman (1955) we can sum up the structures and functions of 
these appendages. The pedicellariae are minute and scarce 
appendages, are of the bidentate type, that is, each consists 
of a stalk and two jawlike structures. Their function is to 
get rid of the unwanted particles that fall on the test.
The sphaeridia are also minute appendages, occurring singly 
in each ambulacral area near the mouth. They are probably 
organs of equilibrium. There are two kinds of tubefeet or 
podia. The large podia are in the petals and are used in^  
respiration, not for locomotion. The other podia, occurring 
on both oral and aboral surfaces, are small and numerous.
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Figure II-1. Spines of Echinarachnius parma.
a. M iliary spine from the oral surface 
( 60X).
b. Prim ary spine from the aboral surface 
(110X).
c. M iliary spine from the aboral ./arface 
(approx. 230X).
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These small podia aid in locomotion and also are used in 
gathering food.
The ambulacral furrows or food grooves of this 
species, occurring on the oral surface, are relatively 
simple (Figure II-2). There are five main grooves radiat­
ing out from the mouth. These grooves give off few simple 
branches toward the margin (Figure II-2a). However, in 
some large specimens (Figure II-2b), several small side 
branches are found. There are no external gills in _E. 
parma; in fact, the gills are wanting in all irregular 
echinoids (Hyman, 1955, p. 436), (Durham, 1955, pp. 81 and 
108) .
Details of the Test.
A. Oral Surface. The mouth is located near the 
center of the oral surface. Surrounding the mouth are the 
15 basicoronal plates. The 5 stippled plates (as shown in 
Figure II-3) are the basicoronal interambulacrals. 
Alternating with these plates are the 5 pairs of basicoronal 
ambulacrals. Peripherally from the basicoronal ambulacrals 
are the first post-basicoronal ambulacral plates. Alternat­
ing with these are the first post-basicoronal interambula­
crals, one or more pairs of which often lose contact with, 
the basicoronal plates. This results in adjacent plates of 
neighboring pairs of first post-basicoronal ambulacral
22
a b
Figure II-2. Ambulacral furrows (Food grooves) of 
Echinarachnius parma.
a. Specimen from Scusset Beach, 
Massachusetts (1 .1X ).
b. Specimen from Bailey's Mistake, 
Maine (1. IX ).
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Figure II-3. Oral surface of Echinarachnius parma (2X).
Specimen from Boothbay Harbor, Maine.
I, II, III, IV, V, Ambulacral Areas 
1, 2, 3, 4, 5, Interambulacral Areas 
a, Anus
ba, Basicoronal Ambulacral plate 
bi, Basicoronal Interambulacral plate 
con, Contact of first post-basicoronal
interambulacral plates and basicoronal 
. ambulacral plate 
fba, F irst post-basicoronal ambulacral plates 











plates abutting one another without intervening inter­
ambulacral plates. In such cases the interambulacrum is 
said not to be "in contact" with the basicoronal plates.
The presence or absence of this condition in each of 
five areas may vary both between taxa and within them.
The anus can be located at the edge of the
"posterior" part of the test. Loven (1874) assigned the
numbers I, II, III, IV, V and 1, 2, 3, 4, 5 (clockwise as
one looks at the oral surface of the test) to the 5 
ambulacral and 5 interambulacral areas respectively, each 
area having 2 columns of plates ('a1 and 'b'), area I being 
the first ambulacral area clockwise from the anus. Area 
1 is the next clockwise interambulacral area.
B. Aboral Surface. The aboral surface of the test 
(Figure II-4) is more or less arched. The apical system is 
located in the center. This system is composed of a large 
central plate, the madreporite, and 5 smaller plates, the 
oculars (Figure II-5). These ocular plates are not always 
clearly separable from the madreporite (Durham, 1955, p.
92). Gordon (1929, p. 321) has shown that the genital 
plates 1 and 3 are completely lost at the time of meta­
morphosis; genital plate 5 is not transformed into an anal 
plate but is completely lost, and only genitals 2 and 4
I
fuse to form the madreporite. Four pores, in the inter­




Aboral surface of Echinarachnius parma (2X ). 
Specimen from  Boothbay Harbor, Maine, 
as, apical system ; p, petal.
5. Apical system  of Echinarachnius parma (3 . IX ). 
Specimen from Boothbay Harbor, Maine, 




Aboral surface of Echinarachnius parma (2X ). 
Specimen from Boothbay Harbor, Maine, 
as, apical system ; p, petal.
5. Apical system  of Echinarachnius parma (3. IX ). 
Specimen from Boothbay Harbor, Maine, 







are situated within the madreporite. The other 5 pores, 
which are outside of the madreporite and alternate with 
the genital pores in all the ambulacral areas, are ocular 
pores. The ambulacral areas containing the pores for the 
respiratory tube feet are formed into 5 distinct petal­




Collections. Six series of sand dollars were 
collected intertidally, either by picking them up by hand, 
or with the aid of a rake (Figure III-l). A series of 
specimens was taken from each of the following places:
Crow Neck (Figure III-3), North Trescott, Washington 
county, Maine (44° 52' 37" N, 67° 07' 38" ± 10" W);
Bailey's Mistake, South Lubec, Washington County, Maine 
(44° 46' 23" N, 67° 03' 16" W); Paradise Point, Boothbay, 
Lincoln County, Maine (43° 51' N, 69° 35' W)? Hampton 
Beach, Rockingham County, New Hampshire (42° 54' 07" N,
70° 48' 40" W); Hampton Harbor (Figure III-2), Rockingham 
County, New Hampshire (42° 53' 59" N, 70° 49' 07" W); and 
Scusset Beach, Barnstable county, Cape Cod, Massachusetts 
(41° 47' 18" N, 70° 30' 30" W). The total number of 
specimens collected from these six areas is 1696. Two 
additional series, from New Castle, Rockingham County, New 
Hampshire (43° 03' 22" N, 70° 44' 17" W) and Eastern Point, 
Gloucester, Essex County, Massachusetts (42° 35' 00" N,
70° 40' 00" W) were collected subtidally. Collecting each 
of these series involved the use of a boat. At New Castle

Figure IH-2. Habitat of Echinarachnius parma at 
Hampton Harbor, New Hampshire.




a skin diver picked up the animals from about 5 feet of 
water while at Gloucester the animals were obtained with 
the rake over the side of the boat. A map showing these 
localities is presented in Figure III-4. The total number 
of specimens collected from these two localities is 519.
The animals were preserved in 10% formalin in fresh water 
for 24-7 2 hours and then were dried at room temperature 
before being measured.
The rake (Figure III-l) was purchased as a steel 
garden rake 14 inches wide and about 4 inches high at the . '
opening, with 2 inch teeth spaced 1 inch apart along the 
lower side of the opening. The handle, 5 feet in length, 
was made of wood. Hardware cloth (% inch mesh) was used 
to construct a basket, 14 inches deep, which was fastened 
to the opening between the bow and the rake proper. This 
basket was attached by means of fine wire.
Exact numbers of specimens are given in Table IV-1. 
The initial collections from Hampton Beach, Hampton Harbor, 
Bailey's Mistake, and Crow Neck contained over 300 specimens 
each. The two additional collections used for comparison 
were of about half this size.
Method of Measuring. A vernier caliper calibrated 
on the main scale in millimeters and on the vernier to tenths 
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Figure III-4. Maine, New Hampshire, and M assachusetts 
seacoast. The stars represent the localities  




Figure III-5. Diagramatic oral surface of the sand dollar, 
Echinarachnius parm a, showing length and 
width of the test.
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of measurement were "brushed off in order to get the correct 
dimensions of the test itself.
Length. The distance from the edge where the anus 
is located to the opposite edge of the animal is considered
the length of the test (Figure III-5) .
Width. The width of the test is obtained by 
measuring the distance, from side to side, perpendicular to 
that of the length (Figure III-5) .
The basic criterion of the animal's size used in
this study is the average diameter or the average of the
length and the width, that is, ^ (Length + Width). This 
average was used by Durham in his publication on Classifi­
cation of Clypeasteroid Echinoids in 1955, and should make 
findings presented here comparable with his.
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SECTION IV 
VARIATION IN RELATIVE LINEAR DIMENSIONS
Width to Length Relationship. The specimens of 
each series have been measured to the nearest tenth of a 
millimeter for length and width. The resulting data have 
been tabulated into groups for each 5 mm. interval of 
mean test diameter, ^(Length + Width). The number of 
specimens longer than wide, having length equal to width, 
and wider than long have been tallied. Tallies for all 
eight series are presented in Table IV-1 and IV-2. A 
summarization of these data for all the series but without 
reference to size of individuals is given in Table IV-3.
Mean dimensions for all series divided into size groups are 
presented in Table IV-4.
Examination of these data reveals that the popula­
tions from Hampton Beach, New Hampshire, and those from 
Bailey's Mistake, Maine, have more wider than longer individ­
uals and average wider than long more markedly than is the 
case for any of the other collections. Thus, of the 371 
specimens examined from Hampton Beach, 358 (96%) are wider 
than long, and they average about 3h to 4% wider (see Table 
IV-4). Of the 306 specimens from Bailey's Mistake, 282
Table IV -1. The num bers of sp ecim en s longer than w ide, having length equal to width, and wider














10.0-14. 5 5 _ _ — - _ _ —
15. 0-19. 9 6 - - - - - - - 1 - - -
20. 0-24. 9 5 - - - - - - - 19 - - -
25.0-29. 9 2 - - - - - 2 - 22 - - -
30. 0-34. 9 5 - - - - - 2 1 48 - - -
35. 0-39. 9 15 - - - - 1 3 - 53 - - -
40. 0-44. 9 35 1 2 9 - 6 1 1 89 - - 1
45.0-49. 9 31 3 8 27 6 42 2 - 79 - - 2
50. 0-54. 9 46 5 14 39 7 75 1 - 37 3 - 27
55.0-59. 9 56 1 11 33 5 45 - - 10 11 - 55
60. 0-64. 9 27 - 13 9 - 7 - - - 2 - 57
65. 0-69. 9 13 •- 7 - - - - - - 2 - 50
70. 0-74. 9 4 - 2 - - - - - - ' 2 - 44
75.0-79. 9 - - - - - - - - - 3 1 36
80.0-84. 9 - - - - - - - - - - - 10
250 10 57 117 18 176 11 2 358 23 1 282
Total 317 311 371 306
Table IV-2. The num bers of specim ens longer than wide, having length equal to width, and wider
than long in different s iz e  groups. Specim ens are from  four additional n er ies.







L>W L=W L<W L>W
(.SB)
h=W L<W
10.0-14 .9 — _ - - - — _ _ _ _ r* -
15.0-19 .9 - - - - - - - - - -
20. 0-24. 9 - - - -  - - - - - - - -
25.0-29 .9 - - - - - - - - - - «- 1
30. 0-34. 9 - - - - - - 1 1 2 - 3
35.0-39 .9 - - - 1 - - 13 4 15 1 - 14
40 .0 -44 .9 2 - 3 3 - 3 38 8 60 2 1 17
45.0-49. 9 20 5 12 9 1 26 35 4 82 3 2 77
50. 0-54. 9 38 4 24 19 2 45 23 3 39 3 2 93
55. 0-59. 9 17 - 13 14 2 39 2 1 13 1 1 22
60.0-64. 9 4 ~ 3 7 1 8 - - - 1 - 2
65.0-69 .9 — - - - - - - - - - - -
70 .0 -74 .9 - - - - - - - - - - - -
75.0-79. 9 - - - - - - - - - - - -
80.0-84. 9 - - - - - - - - - - •* -
81 9 55 53 6 121 112 21 211 11 6 229
Total 145 180 344 246
Table IV-3. Relative Lengths and Widths of specimens from different localities.
Locality
Numbers of Specimens
Longer Wider L=W Total
Hampton Harbor, N. H. 117 (37.6%) 176 (56. 6%) 18 (5. 9%) 311
Hampton Beach, N. H. 11 (3. 0%) 358 (96. 5%) 2 (0. 5%) .371
Bailey’s Mistake, Maine 23 (7. 5%) 282 (92. 2%) 1 (0. 3%) 306
Crow Neck, Maine 250 (78. 9%) 57 (18. 0%) 10 (3. 2%) 317
Scusset Beach, Mass. 11 (4. 5%) 229 (93.1%) 6 (2, 4%) 246
New Castle, N. H. 53 (29. 4%) 121 (67. 2%) 6 (3. 3%) 180
Boothbay Harbor, Maine 81 (55. 9%) 55 (37. 9%) 9 (6. 2%) 145
Gloucester, Mass. 112 (32. 6%) 211 (61. 3%) 21 (6.1%) 344
Table IV-4. The Numbers of Specimens in different size groups and their Mean Dimensions. 
Percentage figures are based on mean of 1/2 (L+W).
Series No. in 
Size Group
1/2 (L+W) Length Width W+ % Wider
HH 16 42. 33 42. 20 42. 38 0.18 0.4
75 47. 86 47.71 47. 97 0.26 0. 5
121 52. 17 51. 98 52. 31 0.33 0.6
83 57.04 56. 94 57. 15 0.21 0.4
16 61. 55 61. 46 61. 56 0.10 0.2
HB 43 25.40 24. 99 25. 79 0. 80 3.1
51 32. 59 31. 97 33. 13 1.16 3.5
56 37. 59 36. 94 38. 33 1.39 3.7
91 42. 21 41. 39 43. 02 1. 63 3.9
81 47. 12 46. 18 48.01 1. 83 3. 9
38 52.23 51.34 53. 20 1. 86 3. 6
10 56. 68 55. 49 57.79 2.30 4.1
BM 2 44. 25 43. 90 44. 50 0. 60 1.4
30 53. 05 52. 34 53.72 1.38 2. 6
66 57. 67 56. 91 58. 39 1.48 2. 6
59 62. 35 61. 38 63.26 1.88 3.0
52 67. 67 66. 44 68. 82 2.38 3. 5
46 72.72 71. 61 73. 83 2.22 3.1
40 76. 67 75.46 77. 81 2.35 3.1
10
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82. 32 80. 88 83. 67 2.79 3. 4
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Series No. in 
Size Group
1/2 (L+W) Length Width L+ % Longer
CN 5 13.88 14.10 13. 60 0.50 3. 6
11 19.78 20.04 19.42 0.62 3.1
22 35. 50 36.03 34.91 1.12 3.2
38 42.43 42.92 41.92 1.00 2.4
42 47.75 48.09 47.39 0.70 1.5
65 52.77 53.13 52.38 0.75 1.4
68 57. 59 58. 00 57.03 0. 97 1.7
40 62.35 62.69 61.99 0.70 1.1
20 66.13 66.43 65.77 0.66 1.0
6 72.40 72.72 72.02 0.70 1.0
BH 5 44.18 44. 22 44.14 0.08 0.2
37 48.06 48.28 47.81 0.47 1.0
66 52.17 52.28 52.02 0.26 0. 5
30 56.77 56. 81 56. 68 0.13 0. 2
7 61.40 61.76 61.01 0.75 1.2
fO
Table IV-4 (cont.).
Series No. in 
Size Group
1/2 (L+W) Length Width W+ %  Wider
NC 1 37.00 36. 60 37.30 0.70 1.9
6 43. 85 43.55 44.10 0. 55 1.3
36 48.06 47.83 48.24 0.41 0. 9
66 52. 53 52.26 52.74 0.48 0.9
55 56. 95 56. 48 57.36 0.88 1.5
16 60. 89 60. 67 61.12 0. 45 0.7
GL 4 32.25 32.08 32. 35 0.27 0. 8
32 38.47 38.42 38.49 0.07 0.2
106 42.67 42. 55 42.73 0.18 0.4
121 47.18 46. 98 47.31 0.33 0.7
65 51.97 51. 83 52.07 0.24 0. 5
16 56.26 55. 95 56.67 0.72 1.2
SB 1 29. 35 29. 30 29.40 0.10 0. 3
3 34. 20 33. 67 34. 67 1.00 2.9
15 38.14 37.65 38. 59 0.94 2.5
20 43. 34 42.89 43.78 0.89 2.1
82 47.79 47.19 48.34 1.15 2.4
98 52.27 51.63 52.85 1.22 2.3
24 56. 88 56.25 57.47 1.22 2.1
















Figure IV-1. Relationship of Width to Length.
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(92%) are wider than long, and they average about 3% wider. 
In distinct contrast to these collections is the one from 
Crow Neck, Maine. Of the 317 specimens from that locality, 
250 (79%) are longer than wide, and they average about 1^% 
longer. The collections from the other five localities 
fall well between these extremes with their extremes being 
67% of the individuals, wider than long and 29% of the 
individuals longer than wide at New Castle, New Hampshire, 
and 56% longer than wide and 38% wider than long for Booth- 
Bay Harbor, Maine.
Comparisons of the mean dimensions of these five 
collections (Hampton Harbor, New Hampshire; Boothbay Harbor, 
Maine; New Castle, New Hampshire; Gloucester, Massachusetts; 
and Scusset Beach, Massachusetts) reveal that at Scusset 
Beach the tests grow appreciably wider than long but not as 
markedly so as at Hampton Beach and Bailey's Mistake. The 
collection from New Castle averages slightly over 1% wider 
than long. In none of the other three series (Hampton 
Harbor, Boothbay Harbor, and Gloucester) is one dimension 
more than 1% greater than the other dimension. Likewise 
in none of these series does the ratio of longer to wider 
specimens deviate from equality beyond 2:1 or 1:2.
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Discussion of Lenq-th and Width Relationships. The 
habitat at Crow Neck is unusual. Because it is on the shore 
of a constricted channel through which large amounts of 
water pass to and from large inner bays to the extent of 
changing their levels many feet on each cycle, there is an 
almost continuous but reversing flow of water there. This 
resembles a rather swift river which flows nearly six hours 
in one direction, followed by a brief period of nearly slack 
water, and then another period of rapid flow in the opposite 
direction, again for nearly six hours. One would thus ex­
pect only relatively coarse sediments, which are in fact 
found in the main channels. Most of the sand dollars were 
found living in eddies which occurred in the small wider 
parts of the channel between points causing constrictions 
of the channel. The sandy substratum under these eddies 
was generally finer than in the main channels and was often 
overlain by a layer of mud, silt, or detritus. The sand 
dollars living in this habitat live in contact with a nearly 
continuous current but encounter almost no pounding by 
waves and the current's direction changes only a few times 
a day. It appears that they tend to grow longer than wide.
In contrast to the Crow Neck series, we will now 
consider two series, one from Hampton Beach and one from 
Bailey's Mistake. These two are exposed to the more or
4 7
less open ocean and surf is an important factor. At 
Hampton Beach, particularly the surf action is considerable 
almost all the time. Here the sand grains are very fine 
and hard-packed. The situation at Bailey's Mistake is 
similar to Hampton Beach hut it seems that the surf is not 
so great and that among the eel grass some deposition of 
mud occurs. This eel grass, in my opinion, provides some 
protection for the sand dollars by cutting down the 
pressure of the surf action. The headlands to either side 
of this bay called Bailey's Mistake also afford it some 
protection from the open sea and with little question this 
protection ameliorates the environment to an extent permit­
ting its colonization by the eel grass which in turn 
further protects those organisms living among it. The sand 
dollars that live in these two places (see Table IV-4) 
appear to grow significantly wider than long.
A situation between the continuously running water 
at Crow Neck and surf at Hampton Beach can be found at 
Hampton Harbor. It is a protected harbor southwest of the 
village of Hampton Beach. Since it is protected, it has 
little surf action. The current, due to the flow in and 
out of the tide, is appreciable but much less than at 
Crow Neck. The area where the sand dollars were collected 
is covered by water most of the time. During extremely
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low tides it becomes a shallow quiet pool. The substratum 
is a mixture of sand and mud with much organic matter.
From Table IV-4 it can be seen that the animals usually 
grow a little wider than long. However, they are not 
nearly as wide as those from Bailey's Mistake or from 
Hampton Beach. This is true both in terms of average 
dimensions and in terms of the number of individuals wider 
than long compared with the number longer than wide.
As we can see there are three kinds of habitat 
involved in this study, namely: 1) Soft sand substratum
with continuous current, 2) Relatively quiet water with 
practically no surf action and with appreciable amounts of 
mud probably high in organic matter, and 3) Hard-packed 
sandy beach with fine grains of sand, heavy surf, no mud 
deposits, and very little organic matter. Taking the same 
size range, between 40.0 - 59.9 mm., the collections from 
Hampton Beach and Crow Neck show a remarkable difference. 
In the Crow Neck series 168 out of 212 individuals are 
longer than wide, whereas at Hampton Beach 215 out of 217 
individuals are wider than long. Also at Bailey's Mistake 
85 out of 99 individuals are wider than long. This 
suggests significant correlations between the different 
kinds of habitat and the usual form of the sand dollars 
living in the populations inhabiting these different
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habitats. In the same size group the collection from 
Hampton Harbor shows 161 out of 286 (with 18 having length 
equal to width) individuals wider than long. As mentioned 
previously, this is an area protected from surf action and 
with slow current. Thus it is a situation intermediate 
in character between the other two localities. It is 
assumed that the more continuous current at Crow Neck .may 
in some way cause the animal to grow longer than wide, and 
that wave action and pounding by surf especially on hard- 
packed sand substratum may cause the animal to grow wider 
than long, with a good indication that this is true because 
the animals that inhabit the situation in between, that is, 
with no or very little wave action tend to grow in between,
that is, length tends to approximate width.
Whether or not continuous current tends to influence 
the animals' growth pattern so that they grow longer than 
wide is not known. It is possible that the observed 
differences in mean dimensional relationships are genetical­
ly determined and in some way differentially selected by 
the environmental differences. This remains the subject 
for important future work.
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SECTION V 
VARIATION IN TEST WEIGHT
Ten specimens were picked from each size group, 
except groups where there were fewer specimens available. 
These are indicated by the number of specimens used in 
parentheses after the figure given for ^(L+W) in Table 
V-2. The spines of all 298 specimens used in this study 
of variation in test weight were cleaned off, and then 
m e  resus were w erg nee. m  grams uo m e  uearesr. o.ui gm.
The average weights obtained and the average dimensions 
of the groups of specimens used from the four localities, 
namely Crow Neck, Hampton Harbor, Bailey's Mistake, and 
Hampton Beach, are shown in Table V-2.
Obtaining the real test weight, excluding the 
spines, the soft part, and the contents of the digestive 
tract, is rather difficult and very time-consuming. In 
order to approach a close approximation to the real test 
weight, one must remove the spines and then cut the test 
with a thin saw, which makes only a minimum loss of weight 
from the cut. Raup (1957), in his doctoral thesis, attacked 
this problem by using a diamond saw. Then the specimens 
were cleaned, dried, and weighed to the nearest 0.1 gm.
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After he determined the loss of weight from the saw cut 
for 24 of his specimens, he decided that this loss was 
insignificant and disregarded it in his computations. 
Actually he determined that for a specimen of 35 mm. in 
length the loss from the saw cut amounted to about 5% of 
the test weight. For larger specimens the loss was propor­
tionally less.
To determine the loss resulting from the cut and 
the weight of the soft parts and the gut contents, I 
selected 16 specimens of approximately the same size, of 
approximately 50 mm. in mean diameter, 4 from each of the 
following: Crow Neck, Hampton Harbor, Bailey's Mistake,
and Hampton Beach. The spines were cleaned off and the 
tests were weighed to the nearest 0.01 gm. They were then 
cut with a thin electric saw (Figure V-l) and weighed again. 
The soft parts and the gut contents, but not the lantern, 
were removed and the weights were determined once more.
The total loss of weight, loss from the cut, and the 
weight of the soft part and the gut contents were cal­
culated as percentages in the following manner:
The difference in weight 
before cutting and after
The total loss of weight = cleaning inside__________ X 100
Weight before cutting
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Figure V-l .  The electric saw* used for cutting sand dollars.
* "Handee" tool, series 6000, used with saw # 25. 
Manufactured by the Chicago Wheel & Mfg. Co. 
1101 West Monroe Street, Chicago 7, Illinois.
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The weight loss from 
the cut
The difference in weight 
before and after cutting X 100 
Weight before cutting
The weight of the soft 
part and gut contents
The difference in weight 
after cutting and after 
cleaning inside_________ X 100
Weight before cutting
The percentage figures are shown in table V-l. It should 
be noted that the lantern is considered part of the test 
weight. This is in contrast with Raup's (1957) method, 
but as shown in Table V-l makes little difference.
greatest percentage of total loss in weight was 8.7% from 
a specimen from Bailey's Mistake and the lowest one was 
2.0% from a specimen from Hampton Beach, with a mean of 
4.7% for all 16 specimens. The weight of the soft part and 
the gut contents alone ranged from 6.2% down to 0.6% for 
all 16 specimens. It appears that the weight of the soft 
part and the gut contents is of little significance and 
thus has very little effect on the total weight of the 
dried animal. However, it is interesting to note that the 
average percentages of the soft part and gut contents 
appear to vary with locality and, rounded to the nearest 
h%, amount to 2%, 3%, 5%, and 1^% from Crow Neck, Hampton 
Harbor, Bailey's Mistake and Hampton Beach respectively. 
Therefore, in this part of the investigation, the weight 
of the test used, in each series, was obtained by subtracting
From the study of Table V-l we can see that the
Table V-l .  Weight losses incurred by cutting tests and cleaning tests. The deductions 
from total weights made in Table V-2 are based on these figures.
#
Weight Weight Loss % Ave. Soft 















CN 130 9.15 8. 95 8. 80 3. 8 2.2 1. 6
125 9. 95 9.75 9. 55 4.0 2.0 2. 0 9 0/
135 5. 94 5. 84 5.71 3. 8 1.7 2. 2 & to
163 8. 54 8. 43 8. 28 3.0 1.3 1. 8
HH 89 7. 50 7. 30 7.10 5. 3 2.7 2.7
94 6.90 6.70 6.45 6. 5 2. 9 3. 6
177 7. 64 7. 52 7.32 4.2 1.6 2. 6 o to
121 7. 57 7.48 7.23 4. 5 1.2 3. 3
BM 10 7.45 7. 30 6. 80 8.7 2. 5 6. 2
4 7.45 7. 35 6. 80 7. 4 1.3 6. 0 r Of,
9 8.01 7. 89 7. 65 4.5 1.5 3. 0 a to
5 8. 81 8.68 8.21 6. 8 1.5 5. 3
HB 328 7. 00 6. 80 6. 70 4.3 2. 9 1. 4
346 6.75 6. 65 6. 50 3.7 1. 5 2.2 1 K 07
345 5.08 5.01 4. 98 2.0 1.4 0. 6 l . o  to
348 4.98 4. 92 4. 85 2.6 1.2 1.4
cn
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this predetermined percentage of weight of the soft part 
and the gut contents from the specimen's weight before 
cutting.
From Table V-2, only two size groups, namely 
51,24 - 51.69 mm. and 55.30 - 56.68 mm., are in common for 
all four series. Among the first common size groups, Crow 
Neck shows an average weight of 9.16 gm. which is the 
highest, whereas Hampton Beach shows only an average of 
6.17 gm. which is the lowest. The Hampton Harbor and 
Bailey's Mistake series are in between with Bailey's 
Mistake being slightly heavier. The second common size 
group shows the same pattern with the weights of the 
specimens from the Crow Neck, Bailey's Mistake, Hampton 
Harbor, and Hampton Beach series averaging 11.35, 8.67,
8.48, and 7.39 gm. respectively.
The test weights in grams are plotted against the 
mean diameters ^(Length + Width) in Figure V-2. As expec­
ted, the weights increase slowly when the animals are 
small in size and then increase somewhat more rapidly as 
they become larger. In general it appears that at compara­
ble sizes the specimens from Crow Neck are heaviest and 
those from Hampton Beach are lightest. The series from 
Bailey's Mistake and Hampton Harbor are between the extremes, 
with those from Bailey's Mistake being slightly heavier.
Table V-2. Mean weights and diameters of specimens. Each average is that of 10 
individuals unless a smaller number is indicated in parentheses after 
the mean diameter figures.
Crow Neck Hampton Harbor Bailey's Mistake Hampton Beach
1/2 (L+W) Total wt. 















1/2 (L+W) Total wt. 
mm. -1 .5%  
(soft 
part)gm.
14. 85(8) 0.21 — — — — —  — _  _
20. 99(7) 0.54 - - - - - - 21. 59 0. 61
— - - - - - - 25.96 0. 95
31. 24(7) 1. 97 - - - - 30.52 1. 53
36. 51 2.99 - - - - 35.40 2.08
40. 64 4.01 41. 82 3. 88 - - 40.13 2.77
45.76 6.33 45.48 5. 17 45.21' 4.01
51.55 9.16 51.24 7. 50 52. 00 7. 50 51.69 6. 17
55.44 11.35 55. 30 8. 48 55. 36 8.67 56. 68 7.39
60. 52 12. 89 60.63 10. 85 60.34 11.34 _ _
65. 37 15. 89 _ _ 65.73 13.70
72. 40(6) 17. 82 - - 70.72 16. 62
- - - - - - 75.27 18.97





















Figure V-2. Relationship of test weight to size, 1/2 (L+W).
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Raup (1958), discussed "The Relation between Water 
Temperature and Morphology in Der.draster," and found that 
the tests of the Pacific sand dollar, Dendraster excentricus 
(Eschscholtz), of a given size are heavier in cold water 
than in warm water. He also stated that this correlation 
is interpreted as the result of phenotypic (nonheritable) 
adaptation to water temperature. My present investigation 
seems to correspond with Raup's work. The weight of the 
specimens from Crow Neck and Bailey's Mistake, both from 
the northern coast of Maine, are found to be definitely 
heavier than the specimens from Hampton Harbor and Hampton 
Beach, both from the coast of New Hampshire. According to 
the "Surface Temperatures at Tide Stations, Atlantic Coast" 
published by U. S. Department of Commerce in 1951, the 
annual average surface water temperature for Eastport,
Maine from 1944 - 1950 was 44.1°F and for Portsmouth, New 
Hampshire, from 1944 - 1950 was 47.4°F. It can be seen, 
that the difference in water temperature for this period 
was 3.3°F. More work needs to be done before any causal 
relationship can be demonstrated.
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SECTION VI 
VARIATION IN PORE-PAIRS IN PETALS
The series of specimens from each locality was 
divided into groups according to size, % (L + W) , at 5 mm. 
intervals. Then the 5 smallest specimens of each group 
were selected for the counting of pore-pairs. The numbers 
of pore-pairs in all five petals in each specimen were 
counted. In order to set up a standard for all specimens, 
it was necessary to determine the distal limits of the 
petals. Figure VI-1 shows that there are two rows of 
pore-pairs in each starting at the ambulacral plates 
nearest the apical system. Near the apex these two rows 
of pores are close together. Gradually these rows of 
pore-pairs spread apart and then toward the periphery they 
come closer together again, but remain separated. Thus, in 
the terminology of students of the irregular urchins (cf. 
Durham, 1955) Echinarachnius has "open petals." Beyond the 
point of this coming together of the rows of pore-pairs, 
they diverge, and these conspicuous pore-pairs become in­
frequent. In this investigation counting of pore-pairs has 
been stopped at the point where the rows start diverging 
from each other (Figure VI-1).
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Figure VI-1. An ambulacral sec tor  of the aboral surface  
of the sand dollar Echinarachnius parma,  
showing the arrangement of ambulacral pores  
in the ,Tpetal” of ambulacral area II. The 
arrows indicate the last pore-pairs  to be 
counted in determining the number of these  
included in the "petal”. Specimen from  
Boothbay Harbor, Maine (3. IX).
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The pore-pairs of four series, Crow Neck, Hampton 
Harbor, Bailey's Mistake, and Hampton Beach, were counted 
and recorded in tables VI-1, VI-2, VI-3, and VI-4 respec­
tively. Also the averages of both the sizes and the pore- 
pairs in each size group from all series have been tabulated 
in table VI-5. It is interesting to note that the number 
of pore-pairs in petal III (the functionally anterior one) 
is usually smaller than the others.
There are only two size groups that are in common 
among these four series, namely, 51.2 - 51.7 mm. and 55.2 - 
55.5 mm. When we make comparisons among the four popula­
tions and limit our findings to these two common size 
groups, it is obvious that, in both size groups, the animals 
from Crow Neck have on the average the smallest number of 
pore-pairs in the petals. The specimens from Hampton Beach 
and Hampton Harbor are close together and compete for 
having the highest numbers of pore-pairs. The Bailey's 
Mistake specimens show numbers between these extremes. 
Because of the differences in the size ranges among these 
series, it is difficult to compare them directly. To 
minimize this difficulty, a graph showing the relationship 
of the number of pore-pairs to size, ^ (L + W), has been 
drawn as Figure VI-2.
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From this graph it is apparent that among these 
four series, the series from Crow Neck has the lowest 
number of pore-pairs whereas the Hampton Harbor series has 
the highest at comparable sizes. The Hampton Beach and 
Bailey's Mistake series are in betv/een with Hampton Beach 
being somewhat higher and at some sizes nearly the same as 
Hampton Harbor. The lines d r a m  on the graph have been 
fitted by eye. With the amount of data presently avail­
able, it appears doubtful that more careful fitting would 
be justified.
If Durham's (19 55, p. 87) statement,
It appears probable that the number of plates inside 
the petals is a better indication of the age than is 
the absolute size.
is true, the sand dollars that live at Crow Neck are grow­
ing faster than those living in the other localities 
studied. Also it would appear that those of these two 
localities in eastern Maine grow faster than those of 
southern New Hampshire.
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T able V I-1 . The num bers oi p o re -p a irs  of the se lec ted  sp ec im en s from  Crow Neck.
P eta ls
# 1 /2 (L + W )------------------------------------------------------------------------------------------------------------------------A verage
la lb Ila lib  Ilia  111b IVa IVb Va Vb
1 1 2 . co 1 3 19 10 1 8 17 17 17 17 19 20 1 3 .  3
o 1 2 5 1 3 I S 1 3 1 n x • 1 o 13 19 19 13 13 1 8 . 1
3 1 4 . 6 1 9 2 0 1 9 2 0 1 9 1 5 2 0 2 0 21 2 0 1 9 . 7
4 1 4 . 9 2 0 2 1 2 1 21 2 0 2 0 2 0 2 0 21 21 2 0 .  5
6 1 4 . 9 21 21 21 2 0 2 0 2 2 2 2 2 3 23 2 1 .  5
0 1 8 . 3 2 0 2 5 J. 'J r 2 4 2 4 2 6 2 6 2 6 27 2 5 . 4
11 18 . 9 27 2 7 2 0 2 4 2 4 2 6 2 6 2 0 27 2 5 .  9
1 0 1 9 . 1 2 7 2 7 2 7 27 27 • 7 7 2 7 ’•'7 2 6 27 2 6 .  9
13 2 1 . 9 2 7 2 3 2 o 27 27 *'*7 2 7 1.3 2 3 2 3 2 7 .  5
14 2 1 . 9 3 0 3 0 3 0 2 0 2 9 2 9 3 0 31 2 9 29 2 9 .  6
17 2 7 . 3 •j o 3 3 3 2 oo 3 2 32 3 2 22 32 22 3 2 . 3
1 8 2 7 . 0 3 5 35 2 7 25 33 5 4 35 35 34 35 3 4 .  5
1 0 3 0 . 3 3 9 3 9 37 3 o 37 37 37 3 3 3 3 37 3 7 . 7
2 0 3 0 . 4 3 5 34 o O 2 3 2 9 33 33 34 25 3 2 . 9
2 2 3 5 . 0 4 2 4 3 4 0 ° 3 0 o Go 4 0 3 9 41 41 4 0 . 0
27 3 5 . 0 4 2 4 2 4 2 4 2 3'j 4 0 4 2 42 4 ° 4 1 .  6
25 3 5 . 1 4 2 4 ; 41 41 40 o b •10 *10 4 0 41 4 0 . 4
2 8 3 5 . 6 41 41 4 0 4 0 3 3 39 3 9 33 3 9 41 3 9 .  6
3 0 3 5 . 6 3 8 3 9 3 9 2S 3 3 •)L'.JO 3 9 39 4 0 39 3 3 . 7
37 4 0 . 0 4 4 4 2 3 3 4 0 2G 2 6 37 3 8 ■13 43 3 9 . 7
41 4 0 . 3 4 6 4 6 4 5 44 a a 4 5 _*7 4 6 4 6 4 5 .  4
4 8 4 0 . 2 3 3 3 3 3 0 39 39 3 9 4 0 4 0 39 39 3 9 . 0
47 4 0 . 4 4 9 4 7 4 5 4 4 J.o ■13 4 5 L 4 4 7 4 3 4 5 .  4
4 5 4 0 . , 5 5 2 51 51 50 4 9 ■I 3 4 3 4 9 50 51 4 9 .  9
8 0 45 , , 1 5 2 52 47 4 0 42 ‘ 7 *14 46 4 9 50 4 6 .  9
SO 4 5 . i 4 3 4 4 45 4 4 4 4 •14 45 4 2 4 5 4 4 .  2
81 45 , , 3 4 9 4 0 J J 44 43 ■13 i  a 46 50 50 4 6 .  0
83 45 , , 7 4 9 50 4 3 4 cl 4 0 67 4 8 *iO 4 9 51 4 8 . 3
01 45 , , 8 4 9 50 4 9 50 4 9 ■10 4 9 49 53 4 9 4 9 .  6
1 3 0 51, 7 50 50 50 4 9 4 3 •13 51 51 5 0 50 4 9 . 7
1 3 5 51. . 1 54 53 53 52 51 51 54 54 54 54 5 3 .  0
1 2 5 51, , 4 53 5 3 53 53 53 5 3 5 6 55 52 53 5 3 .  4
1 6 3 51, , 4 5 4 54 52 50 *x O ■17 51 52 55 55 5 1 .  8
1 3 6 51 . 5 50 51 51 50 4 o 4 8 51 51 51 5 2 5 0 .  3
1 9 2 55, . 1 5 3 57 o j 57 54 5 4 55 57 59 5 8 5 0 .  4
1 9 1 55 . 2 5 0 51 53 54 50 4 9 52 53 52 52 5 1 .  6
1 7 9 55 . 3 57 57 59 5 9 55 56 57 59 57 57 5 7 .  3
1 7 4 55 5 5 5 6 55 50 50 51 5 6 56 56 5 6 5 4 . 7
2 1 5 5 5 , 4 5 8 57 57 5 6 5G 5 6 59 00 5 9 57 5 7 .  5
2 5 0 0 0 .  0 4 3 4 9 49 49 4 9 4 9 50 4 9 47 4 8 4 8 .  7
2 4 1 6 0 .  2 55 o4 58 59 57 5 3 5 3 5 9 57 57 5 7 .  2
2 4 2 6 0 . 2 61 GO 60 5 u 55 57 CO 59 60 0 0 5 9 .  0
2 6 0 6 0 . 4 57 57 59 59 53 52 5 0 5 9 5 9 5 9 5 7 .  3
2 7 3 6 0 . 4 5 6 5 6 53 ,1*7 .- n*- t Oo 5 3 5 5 5 6 5 2 .  9
2G3 6 5 .  0 5 9 61 fifi 66 61 61 67 Co 04 6 2 6 3 .  5
2 0 4 6 5 . 1 5 9 00 5S w'J a •32 5 9 61 01 6 2 5 7 .  6
3 0 3 6 5 . 1 5 3 57 55 .y j 52 51 55 55 5 3 57 5 5 .  4
2 7 1 0 5 .  1 57 57 r~nO 1 56 53 5 3 55 5 4 55 57 5 5 .  4
2 3 4 6 5 .  4 5 8 57 54 50 51 55 57 5 3 57 5 5 .  1
3 1 6 7 0 .  2 7 3 7 2 71 7 0 69 67 7 0 7 0 7 2 7 4 7 0 .  8
3 1 5 7 1 .  3 5 7 55 55 57 54 5 3 57 5 6 55 57 5 5 .  6
3 1 2 7 2 .  5 5 6 60 62 62 59 5 8 61 63 61 5 9 6 0 . 1
3 1 4 7 2 . 7 6 5 69 7 3 7 2 68 6 9 7 0 7 2 67 6 3 6 8 .  8
3 1 3 7 3 . 7 61 60 6 4 6 4 6 4 6 4 65 6 5 61 61 6 2 .  9
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T able  V I-2 .  The num bers of. p o r e -p a ir s  of the se le c te d  s p e c im e n s  from  Hampton Harbor.
P e ta ls
la lb Ha lib Ilia M b IVa IVb Va Vb
/ \V C l  C t g C
1 39. 6 44 45 45 44 40 42 44 45 42 44 43. 5
3 40. 5 50 48 49 44 39 41 43 48 51 53 46. 6
9 40. 8 47 47 45 44 44 45 46 46 47 47 45. 8
2 40. 9 50 50 51 50 ‘ 49 49 50 49 50 50 4 9 .8
4 4 1 .2 49 48 49 49 47 47 49 50 50 50 4 8 .7
15 45. 0 56 57 55 55 52 53 54 55 56 56 54. 9
24 4 5 .0 54 52 52 53 52 53 54 56 53 55 53. 4
27 4 5 .0 52 52 54 54 52 52 55 57 55 55 53. 8
40 4 5 .0 53 54 53 52 49 49 52 52 53 53 ' 52. 0
18 45. 4 52 52 54 53 52 52 52 52 52 53 5 2 .4
89 51. 1 52 51 52 51 48 49 52 53 52 53 51. 3
137 51. 1 54 54 58 57 53 53 54 56 56 55 55. 0
94 51. 2 55 56 61 60 57 59 61 62 57 55 5 8 .3
177 5 1 .2 61 61 59 58 53 52 61 60 60 61 58. 6
121 51. 3 57 55 57 56 52 52 57 59 57 56 55. 9
201 55. 1 56 55 55 53 51 51 53 55 57 58 54, 4
199 5 5 .2 57 57 59 61 57 58 ■ 61 61 58 58 58 .7
207 5 5 .2 56 57 60 58 55 55 58 58 56 58 57. 1
230 5 5 .2 66 66 64 63 55 56 61 62 65 67 6 2 .4
236 5 5 .2 63 62 63 61 58 59 60 62 63 63 6 1 .4
296 60 .1 74 74 76 77 75 72 76 77 76 76 7 5 .3
303 60 .1 64 63 63 62 60 60 61 53 52 60 59. 8
301 6 0 .2 72 74 72 69 64 66 67 72 73 75 7 0 .4
302 6 0 .2 62 61 64 62 59 57 62 63 61 61 6 1 .2
289 6 0 .5 71 67 69 67 64 63 68 70 68 69 6 7 .6
65
Table VI-3. The numbers of p ore-p a irs  of the se lec ted  sp ec im ens from B ailey 's  Mistake.
Petals
T Jk, 4 O /
la lb Ila lib Hla nib IV a rvb Va Vb
10 51. 5 50 49 49 50 49 49 51 52 50 50 49. 9
9 51. 6 62 61 58 58 53 54 60 61 62 62 59.1
4 51.7 50 49 50 50 46 47 50 51 49 50 49. 2
5 51.7 59 59 59 58 52 51 58 60 . 60 61 57.7
16 51. 8 53 52 54 55 53 53 55 56 54 53 53. 8
32 55. 0 63 62 58 56 50 50 56 58 60 62 57. 5
33 55 .0 56 55 54 54 50 49 53 54 55 57 53.7
42 55. 1 60 60 61 61 59 59 63 62 60 60 60. 5
31 55. 3 53 53 52 50 49 48 54 56 58 56 52. 9
44 55. 3 59 58 54 54 49 51 57 58 59 58 55.7
90 60. 1 60 59 57 56 54 54 59 61 62 61 58. 3
93 60. 2 68 66 65 65 59 60 65 66 67 67 64. 8
113 60 .2 65 65 64 63 57 55 65 66 64 64 62. 8
134 60 .2 64 65 64 63 56 56 63 65 66 66 62. 8
99 60. 3 64 62 61 60 59 57 57 58 61 63 60. 2
163 65 .0 65 64 63 61 56 56 62 63 67 68 62. 5
164 65. 1 68 69 65 64 60 60 66 67 68 69 65. 6
186 65. 3 55 56 62 61 59 60 61 63 56 57 59 .0
170 65. 5 60 62 60 60 54 55 62 63 63 63 60.2
173 65, 6 74 72 70 72 69 69 74 75 74 76 72. 5
191 70. 1 78 78 74 73 69 70 77 79 82 83 7 6 .3
211 70. 3 62 62 59 58 57 58 60 59 61 61 59.7
214 70. 5 69 67 67 66 64 64 69 71 69 68 67 .4
224 70. 5 71 68 67 65 59 60 67 69 72 73 67. 1
190 70 .7 71 69 66 64 62 59 62 66 68 69 65. 6
239 7 5 .0 74 72 67 65 62 62 70 72 75 76 69. 5
261 7 5 .0 65 65 65 65 63 62 63 65 67 67 64.7
238 75 .1 71 69 67 65 62 63 65 67 72 72 67. 3
275 75 .1 81 80 74 70 65 66 72 76 77 82 74. 3
262 7 5 .2 69 69 71 70 65 65 72 75 71 71 69. 8
295 8 0 .2 81 81 81 79 72 74 80 82 84 82 79. 6
296 81.2 76 75 80 79 75 75 83 83 76 77 77. 9
300 81 .5 80 77 73 71 66 67 77 79 80 82 7 5 .2
298 8 1 .9 74 73 68 66 61 62 67 69 74 74 68. 8
299 82.1 67 67 67 67 65 66 71 73 72 71 68. 6
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Table VI-4. The numbers of p ore-pairs  of the se lec ted  spec im ens from Hampton Beach.
Petals
Y«>VJLj-r
la lb Ha nb EHa m b IVa IVb Va Vb
nvcidgc
3 20 .6 27 26 26 25 25 24 27 27 26 26 25. 9
7 2 0 .8 29 28 27 28 27 26 28 27 28 29 27.7
2 2 0 .9 28 27 29 29 28 28 29 30 29 29 28. 6
4 21 .2 26 26 28 27 27 27 27 28 28 28 27 .2
5 21 .3 30 29 29 28 27 27 29 30 28 29 28. 6
24 25 .2 34 33 33 33 33 33 34 34 ' 34 34 33. 5
21 25 .4 32 32 33 33 33 33 33 33 33 34 32. 9
29 25 .4 35 34 35 35 34 35 37 36 36 36 35. 3
22 25 .5 35 35 35 33 31 30 34 34 35 35 33.7
26 25.5 32 31 32 33 32 32 35 34 34 34 32. 9
38 30.1 37 36 37 37 35 36 38 38 37 39 37. 0
48 30.1 36 36 38 38 37 37 38 39 37 38 37 .4
42 30.2 35 34 35 36 34 33 38 38 38 38 35. 9
52 30 .2 35 35 34 34 31 32 34 34 34 35 33. 8
45 30 .6 38 38 38 39 37 36 39 39 39 38 38.1
94 35.0 44 42 43 44 40 42 47 49 47 48 44. 6
106 35.1 43 42 40 40 39 40 40 40 42 43 40. 9
103 35.2 45 43 45 44 43 43 47 47 47 46 45. 0
89 35.3 45 43 45 45 44 44 46 46 47 47 45. 2
87 35 .4 40 42 42 42 41 42 42 41 41 42 41. 5
134 40.0 44 43 43 43 43 42 44 45 45 45 43. 7
150 4 0 .0 52 51 51 52 46 45 47 48 51 52 49. 5
151 40.1 45 44 46 46 44 44 45 46 45 47 45. 3
157 40.1 46 44 46 45 42 42 46 45 45 47 44. 8
191 40.1 50 49 48 49 45 45 49 49 49 50 48. 3
213 45 .0 57 55 55 53 51 51 52 53 56 57 54. 0
238 45 .0 48 46 48 46 43 43 46 47 48 48 46. 3
274 45 .0 52 51 49 48 46 47 51 51 53 53 50. 1
230 45.2 45 45 45 46 45 46 47 48 46 47 46. 0
273 45.2 53 52 50 50 48 48 52 53 53 55 51. 3
328 51.1 51 52 55 53 51 51 54 56 54 54 53. 1
345 51.3 62 60 60 59 54 55 59 60 60 61 59 .0
348 51.3 51 51 50 49 47 47 51 53 54 54 50.7
339 51.5 61 59 62 61 58 58 62 63 63 64 61. 1
346 51.6 54 54 54 55 52 51 54 54 55 55 53. 8
352 55 ,0 59 58 57 56 52 53 57 57 59 60 56. 8
344 55.5 61 60 61 61 56 56 60 62 62 62 60. 1
363 55 .9 60 58 58 57 53 55 59 61 57 59 57.7
356 54 .9 61 61 58 58 55 56 58 60 61 62 59 .0
364 56 .0 66 63 63 63 60 60 63 65 63 65 63.1
Table VI-5. The mean dimensions and pore-pairs. Each average is that of 5 individuals 
unless a smaller number is indicated in parentheses.

















13. 9 19.6 _  _ _  _ _ _ _ _ •  _
20.1 27.1 - - _ _ - - 20.9 27. 6
28. 9(4) 34. 4(4) - - - - - - - - 25. 4 33.7
— - - - - 30.2 36.4
35. 3 40.4 - - - - 35.2 43. 4
40.3 43.9 40. 6 46. 9 40.1 46.3
45.4 47.0 45.1 53.3 45.1 49. 5
51.3 51.6 51.2 55. 8 51. 7 53. 9 51.4 55. 5
55.3 55.5 55.2 58. 8 55. 2 56.1 55.5 59. 3
60.2 55.0 60.2 66. 9 60.2 61. 8 - - —
65.1 57.4 65. 3 63.9 - - —
72.0 63.6 - - 70. 4 67.2 - -
----- ---- — ---- 75. 1 69.1 - -
- --- •  — — — —  — 81.4 74.0 — — —
CTi
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Figure VI-2. Relationship of the number of pore-pairs to 













VARIATION IN CONTACT BETWEEN FIRST POST-BASICORONAL 
INTERAMBULACRAL PLATES AND THE BASICORONAL PLATES
The general arrangement of the parts of the test 
is discussed in Section II under "Details of the Test," 
and one possible arrangement of the plates of 'its oral 
surface is shown in Figure II-3. Inspection of this 
figure shows that in it the first post-basicoronal inter- 
ambulacral plates in areas 1 and 4 are "in contact" wi <_h 
the basicoronal plates (Fig. II-3 con, bi, fbi) of the 
same areas. In contrast in areas 2, 3, and 5 the first 
post-basicoronal interambulacral plates do not touch the 
basicoronal plates of these areas and are separated from 
them by the abutting first post-basicoronal ambulacral 
plates (Fig. II-3, fba) of the ambulacral areas to either 
side of the interambulacral areas in question. The juxta­
position of these ambulacral plates separates the first 
post-basicoronal plates from the basicoronal plates of the 
interambulacral areas between them. For brevity because 
of the length of the terms used, I am going to refer to 
these conditions hereafter simply as areas "in contact" or 
areas "out of contact."
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Now the question arises as to how these two con­
ditions develop. Durham (pp. 87, 88; 1955) has shown that 
by the time the Pacific coast sand dollar Dendraster has 
attained a mean test diameter of 4.4 mm., its total com­
plement of plates on the oral surface has been acquired.
In other words with additional growth no new plates are 
added on the oral surface. From the small amount of 
variation he found in numbers of oral plates in 
Echinarachnius (pp. 90, 107, 108; 1955) it appears that in 
this genus also few if any plates are added to the oral 
surface after the animals grow beyond a rather small size.
Thus as the animal grows and increases in diameter, 
there is only one way for the oral surface of the test to 
accomodate this growth. Its plates must increase in size.
Because of the differential growth of the plates, 
the first post-basicoronal interambulacral plates, which 
at very young stages are "in contact" with the basicoronal 
interambulacral plates,- may later become "out of contact." 
This probably results from the post-basicoronal ambulacral 
areas growing at a faster rate than the post-basicoronal 
interambulacral areas.
In this connection three questions arise:
1. How many areas lose contact and to what extent 
does this vary among specimens within and between
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collections from different localities?
2. Is there indication that there is any usual 
sequence among the areas in their loss of contact, and does 
this vary within and between collections from different 
localities?
3. Within areas retaining contact, are there 
differences in the amount of contact between first post- 
basicoronal plates 'a' and 'b' with the basicoronal plates? 
Is there any regular pattern of distribution of this 
asymmetry among the areas, and does this vary within and 
between collections from different localities?
Figure VII-1 has been drawn so that the above may 
be further clarified. This specimen shows areas 1, 2, 3,
4 "in contact" and area 5 "out of contact." In area 1 the 
first post-basicoronal plate 'a1 is "in contact" but 'b' 
has lost contact, whereas in area 4 the situation is 
reversed. In areas 2 and 3 both 'a' and ' b* remain "in 
contact," but it looks as though 'b' were approaching loss 
of contact in area 3 while in area 2 the degree of contact 
appears more nearly equal.
Materials and Methods. In order to tabulate the 
conditions existing in the large numbers of specimens 
studied, it has been necessary to devise a system of 
symbols.
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I .V . '
Figure VII-1. Oral surface of central portion of test  of
Echinarachnius parm a showing contact or  
lack of contact between basicoronal in te r ­
ambulacral p lates and f ir s t  p o s t-b a s i­
coronal p lates. Stippled areas are in ter ­
am bulacral and white areas  are ambulacral. 
Specimen from  Boothbay Harbor, Maine (2 . 2X).
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Thus:
If both plates 'a' and 'b‘ of the first post-
basicoronal interambulacrals 
are "in contact" with the 
basicoronal to an approximately 
equal degree, the condition is 
designated: ++ (==)
If both plates 'a' and 'b‘ are "in contact" but
'a' is to a greater degree, the
condition is designated: H—
If both plates 'a' and 'b' are "in contact" but
'b' is to a greater degree, the
condition is designated: -+
If only plate 'a' is "in contact," the con­
dition is designated: +o
If only plate 'b' is "in contact," the con­
dition is designated: o+
If both plates 'a' and 'b' are "out of contact,"
the condition is designated: oo
From the four main series, one each from Crow Neck
and Bailey's Mistake in Maine and Hampton Harbor and 
Hampton Beach in New Hampshire, these data were compiled 
for 1282 specimens. There were a few specimens for which 
these relationships could not be determined, a few that 
were malformed, injured, or otherwise so abnormal that 
they were not considered typical, and a very few so far 
from the usual sizes within each series that they were
considered unusual. The specimens (23) in these categories
have not been included in this study. The spines and the 
superficial organic materials on the oral surface of the
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test were brushed off thoroughly. Then, in order to make 
the sutures separating the plates more readily visible, 
water was applied to the test. Examination of each 
specimen with a hand lens was necessary in order to 
determine the condition existing.
Each series of specimens was divided into size 
groups at 5 mm. intervals (except where numbers were 
inadequate). These data obtained for the collections from 
Crow Neck, Bailey's Mistake, Hampton Harbor, and Hampton 
Beach are tabulated in Appendix I (Tables A-l, A-2, A-3, 
A-4). In each size group the numbers of specimens that 
fell into the various categories for each area (++, +-, +o, 
oo, o+, or -+) were recorded. The equivalent percentages 
of these numbers of the specimens were also calculated.
The figures in parentheses are the portions of the Chi 
square figures resulting from the numbers having the 
particular condition in question. The significance of 
these is discussed later under the subject of asymmetry 
of contact. In Table VII-1 these data are summarized by 
locality and area of test but without breakdown into size 
groups.
Numbers of Areas "Out of Contact." In Table VII-2 
there are tabulated several kinds of data which are 
explained below. The first column on the left indicates
Table VII-1. The nature of contact between first post-basicoronal interambulacral plates and
basicoronal plates for the five areas of the oral surface of the test for series of 
spocimens from four localities. N=the total number of specimens in each series. 
Thu numbers in the bulk of the table represent tim numbers of specimens having 
each posible type of contact or absence of it (oo) for each interambulacral area.
Area a b a b a b a b a b a b N
■i- + + - + 0 0 0 o + -  +
BM 1 2 56 72 161 1 1 293
2 32 19 5 85 36 116
3 52 94 26 89 11 21
4 2 0 0 116 98 77
5 7 2 2 210 14 58
CN 1 8 73 106 105 2 1 295
2 30 17 5 68 79 96
3 Cl 71 39 53 19 52
4 2 3 1 88 109 92
5 8 0 0 225 28 34
HH 1 1 r 149 76 68 0 7 311
2 50 67 7 60 22 105
3 72 115 21 46 2 55
4 7 3 0 65 70 166
5 34 10 2 89 41 135
HB 1 30 171 68 44 37 11 370
2 122 58 6 31 19 134
3 151 89 10 11 15 94
4 30 18 1 58 56 198
5 88 9 0 62 57 154
' ja\
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T able VTI-2. C om parison of frequency of occu rren ce of sp ec im en s with the "normal", "1st 
order" and "2nd order" deviant arrangem ents of Interam bulacral areas "out 
of contact" for sp ec im en s with 0, 1, 2 , 3, 4 or a ll area s "out of contact"  
for  Echinarachnius parm a from  the four lo c a lit ie s  studied.
S er ie s # of % of # of N orm al sequ en ce Deviant seq u en ces
sp ec im en s co llection area s "out 
of contact"




CN 74 24 .7 0 74 100 .0 Not P o ss ib le Not P o ss ib le
(15-70m m .) 93 31 .1 1 91 97. 8 2 2 .2 Not P o ss ib le
36 1 2 .0 2 18 5 0 .0 18 5 0 .0 0 0 .0
41 13 .7 3 20 48. 8 15 13 .6 6 14. 6
34 1 1 .4 4 13 3 8 .2 15 44. 1 6 17. 6
21 7 .0 a ll 21 100 .0 Not P o ss ib le Not P o ss ib le
A verage num ber of area s "out of contact” per sp ec im en  = 529/299  = 1.77
BM 68 2 2 .4 0 68 100 .0 Not P o ss ib le Not P o ss ib le
(5 0 -9 0 m m .) 48 15. 8 1 39 8 1 .3 9 1 8 .8 Not P o ss ib le
45 14. 9 2 29 6 4 .4 14 31 .1 2 4. 4
58 19.1 3 29 50 .0 19 32. 8 10 17. 2
40 13 .2 4 18 4 5 .0 15 3 7 .5 7 17. 5
44 14. 5 a ll 44 100 .0 Not P o ss ib le Not P o ss ib le
A verage number of a rea s  "out of contact" per sp ecim en  = 692/303  = 2. 28
HB 241 65.1 0 241 100 .0 Not P o ss ib le Not P o ss ib le
(2 0 -5 9 m m .) 56 15 .1 1 33 5 8 .9 23 41. 1 Not P o ss ib le
21 5 .7 2 9 4 2 .9 4 19 .0 8 38 .1
26 7 .0 3 19 82 .6 4 1 5 .4 3 11. 5
14 3. 8 4 11 7 8 .6 3 2 1 .4 0 0 .0
12 3. 2 a ll 12 100 .0 Not P o ss ib le Not P o ss ib le
A verage number of a rea s  "out of contact" per sp ecim en  = 292 /370  = 0 .7 9
HH 182 58 .7 0 182 100 .0 Not P o ss ib le Not P o ss ib le
(4 0 -6 5 m m .) 44 14 .2 1 24 54 .5 20 45. 5 Not P o ss ib le
26 8 .4 2 2 7 .7 12 4 6 .2 12 46. 2
18 5. 8 3 8 4 4 .4 2 11 .1 8 44. 4
22 7. 1 4 11 5 0 .0 4 1 8 .2 7 31. 8
18 5. 8 a ll 18 100 .0 Not P o ss ib le Not P o ss ib le
A verage number of a rea s  "out of contact" per sp ecim en  = 328 /310  = 1 .0 6
* T h ese p ercen tages re fer  to the p ercen tage of sp ec im en s with  
the indicated num ber of area s "out of contact" having the 
sequence indicated.
**  1st ord er deviants are those presum ed to be norm al except 
for la s t  one out of contact. 2nd ord er deviants are those  
com binations in which there appears to be aberrance in 
sequ en ce in lo s s  of contact p rior to the la st  a rea  involved.
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the number of specimens from the locality indicated having 
0, 1, 2, 3, 4, or all areas "out of contact." In the next 
column these numbers have been converted into percentages 
of the total number of specimens used in this study from 
each locality. Then under the tabulations for each 
locality the average number of areas "out of contact" per 
specimen for the collection from the locality has been 
calculated. The average numbers of 1.77 for Crow Neck,
2.28 for Bailey's Mistake, 0.79 for Hampton Beach, and 
1.06 for Hampton Harbor suggest that the Maine localities 
have populations that are more progressive in this respect 
than are those from the New Hampshire sites. Noting the 
size ranges from the localities (indicated on the table 
under the name of each locality) and recalling that numbers 
of areas "out of contact" presumably increase as the 
animals grow, one is immediately beset with the question: 
Are these differences the result of differences in environ­
mental induction or selection on the one hand, or are they 
wholly the result of the differences in size-composition 
among the collections? Table VII-3 and Figure VII-2 have 
been assembled to show the mean numbers of areas "out of 
contact" at 5 mm. size (mean diameter) intervals for each 
of the localities. It is obvious that much larger collec­
tions and smaller size intervals would be needed to give
Table VTI-3. Distribution of numbers of interambulacral areas "out of contact" among
different size groups of Echinarachnius parma from four localities.













CN 15-23.9 10 8 1 1 _ _ 0. 30
27-34.9 7 4 1 1 1 - - 0.86
35-39.9 15 5 4 2 3 - 1 1.47
40-44.9 38 11 12 2 5 6 2 1.71
45-49. 9 42 8 10 6 10 5 3 2.07
50-54.9 63 12 22 11 7 8 3 1.78
55-59.9 67 11 24 10 7 10 5 1.94
60-64.9 38 11 13 2 5 4 4 1.76
65-69.9 19 4 7 1 3 1 3 1.95
BM 50-54.9 30 7 9 3 4 6 1 1.87
55-59.9 66 17 9 14 7 11 8 2.15
60-64.9 59 21 8 4 13 5 8 1.95
65-69.9 52 5 11 7 11 7 11 2.71
70-74.9 46 6 4 11 11 4 10 2.72 .
75-79.9 40 12 5 5 10 3 5 2.05
80-84.9 10 - 2 1 2, 4 1 3.10
HB 20-24.9 19 18 1 0. 05
25-29.9 24 22 2 - _ _ 0. 09
30-34.9 51 39 6 3 1 - 2 0.49
35-39.9 56 37 11 3 2 1 2 0. 66
40-44.9 91 59 12 4 9 5 2 0. 85
45-49.9 81 46 16 5 8 3 3 0.95
50-54. 9 38 16 7 4 6 2 3 1.47
55-59.9 10 4 1 2. - 3 - 1.70
HH 40-44.9 15 9 2 1 2 1 1.20
45-49.9 75 44 12 7 4 5 3 0. 97
50-54.9 121 71 19 8 7 7 9 1.07
55-59.9 83 54 7 9 4 4 5 0. 94




















Figure VII-2. Relationship of the average number of A reas 









Mean diam eter 1/2 (L+W) mm.
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smooth curves on the graphs, hut it is quite apparent that:
1) For comparable mean diameters up to at least
55 mm. the mean number of areas "out of contact" is higher 
for the Crow Neck collection than for either Hampton Beach 
or Hampton Harbor, and
2) In the range of diameters between 55 and 70 mm. 
there appears possibly to be a tendency toward equal 
numbers of areas "out of contact" for all the localities. 
Thus for mean diameters of 52.5 mm., the mean numbers of 
areas "out of contact" for the collections from Crow Neck, 
Bailey's Mistake, and Hampton Harbor all fall within the 
range between 1.75 and 2.00. Although none of the 
specimens from Hampton Beach is this large, extrapolation 
of the plotted values for smaller sizes into this range 
would place the expected value for this locality very close 
to 2.00 areas "out of contact."
Sequential Pattern among Areas "Out of Contact."
All possible combinations of areas "out of contact" were 
listed, and for each locality the numbers of specimens 
having each combination were tallied. Examination of these 
data along with Durham's (1955) Table 3 (p. 108) strongly 
suggest that the usual sequence in which interambulacral 
areas lose contact is 5, 1, 4, 2, 3. Thus one would expect 
specimens "out of contact" for one area to be most
frequently "out of contact" in area 5. When two areas are 
"out of contact," areas 5 and 1 should be the most frequent 
combination. This would continue, and the whole expected 
sequence would thus be 0 5  —>■ 5 & 1— >5, 1, & 4 —>5, 1,
4, & 2— >5, 1, 4, 2, & 3 (= all areas). These combinations 
are hereafter called members of the normal sequence. 
Durham's (1955) data for his series from Woods Hole, 
Massachusetts, and the data here presented in Table VII-2 
for Crow Neck, Bailey's Mistake, and Hampton Beach support 
this sequence, or at least the resulting combinations that 
may be obtained through it. Thus these combinations of 
areas "out of contact" are the most frequently occurring 
combinations in the collections aforementioned. Durham 
(1955) noted that the small collection (21 specimens) that 
he studied from Hampton Harbor exhibited great variation 
in respect to loss of contact among the interambulacral 
areas. In the present study 310 specimens were examined 
in this respect, and Durham's conclusion is abundantly 
supported as can be readily seen from examination of 
Table VII-2.
The variants from these usual combinations may be 
conveniently divided into two categories. Cases where 
combinations include areas "out of contact" in the normal 
combination except for the area presumed last to lose
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contact are termed "first order deviants." Thus any 
specimen having one area "out of contact" other than area 
5 sould be a "first order deviant." "First order deviants" 
with two areas "out of contact" must have one of these 
areas 5, and the other must not be area 1. "Second order 
deviants" are those combinations which do not include the 
presumed penultimate area among those "out of contact."
Thus for specimens with two areas "out of contact," a 
"second order deviant" must not include area 5 among the 
areas "out of contact," In Table VII-4 all possible 
combinations of "normal", "first order deviants," and 
"second order deviants" are indicated. All the theoreti­
cally possible combinations have actually been observed 
among the 1282 specimens dealt with in this section.
Tables VII-5 and VII-6 indicate the numbers of each 
particular deviant found in each collection. In Table 
VII-2 the occurrence of "normal," "first order deviant," 
and "second order deviant" combinations are totalled for 
each collection for each number of areas "out of contact."
Examination of these tables reveals that for the 
collections from Crow Neck and Bailey's Mistake, Maine, 
and Hampton Beach, New Hampshire, it is almost a general­
ization that for each number of areas “out of contact" 
there are more specimens with "normal" arrangements than














1; 2; 3; or 4 
5, 2; 5, 3; or 5,4
3 5,1 & 4 5,1 ,2; or 5 ,1 ,3







1,2,3; 1,2,4; 1 ,3,4;  
2,3,4; 2, 3, 5; 2 ,4 , 5; 
or 3, 4, 5
1,2, 3,4; 1, 2, 3, 5; or 
2 ,3 ,4 , 5  
Not Possible
Table VII-5. Number of specimens of 1st order deviants in each collection.
Areas "out 1st order
of contact" deviants CN BM HB HH Total
0 Not Possible
1 1  0 3 15 7
2 0 3 1 6
3 1 3  1 5
4 1 0  6 2
2 9 23 20 54
2 5 & 2 11 6 0 4
5 & 3 2 2 1 2
5 & 4 _5_ _6_ _3_ j6_
18 14 4 12 48
3 5, 1 & 2 7 6 3 2
5, 1,& 3 _8_ 13_ _1_ _0_
15 19 4 2 40
4 5, 1, 4 & 3 15 15 3 4 37
5 (all) Not Possible
179 (13.9% )
Table VII-6. Number of specimens of 2nd order
Areas "out 2nd order
of contact" deviants CN BM
0 Not Possible
1 Not Possible
2 1 & 2 0 0
1 & 3 0 0
1 & 4 0 2
2 & 3 0 0
2 & 4 0 0
3 & 4 0 0
0 2
3 1, 2 & 3 0 1
1, 2 & 4 0 2
1, 3 & 4 0 1
2, 3 & 4 0 0
2, 3 & 5 3 4
2, 4 & 5 2 0
3, 4 & 5 1 2
6 10
4 1, 2, 3 & 4 1 0
1, 2, 3 & 5 1 5
2, 3, 4 & 5 4 2
6 7
5 (all) Not Possible























with either first or second order deviant arrangements. The 
unique exception to this statement occurs among the speci­
mens from Crow Neck with four areas "out of contact." Among 
these 38.2% have the "normal" arrangement and 44.1% have the 
only possible first order deviant arrangement - that is areas 
5, 1, 4, and 3 "out of contact." There are, however, a few 
situations (numbers of areas "out of contact" for given 
localities) where the sum of the first and second order 
deviants exceeds the number of "normal" individuals. But 
for the exception noted above, however, in no case does the 
number of individuals with any specific deviant even approach 
the number of "normal" individuals in these localities.
For the collection from Hampton Harbor the 
situation is quite different. Although there is still a 
majority of the specimens with one area "out of contact" 
having the normal area 5 "out of contact," the percentage 
of these is much lower than found for the Maine localities 
and somewhat less than at Hampton Beach. In the group with 
two areas "out of contact" there is a total of only 26 
specimens. Of these only two (7.7%) have the "normal" 
arrangement. While not much significance can be attached 
to these small numbers, it is interesting to note that the 
first order deviant arrangements of areas 5 and 4, and 5 
and 2 and the second order deviants 1 and 4, and 2 and 4
8 8
"out of contact" all exceed the "normal" arrangement.
These conditions suggest a tendency for areas 4 and 2 to 
lose contact ahead of sequence. Durham's (1955) data for 
this locality also indicate the tendency for area 4 to 
precede area 1. Second order deviants for specimens with 
three or four areas "out of contact" are also exceptionally 
high in this collection. Here again we suffer from small 
numbers, but the tendency could be readily explained on 
the basis of deviant sequences early in their development.
Why the sequence of becoming "out of contact" is 
so unusual at Hampton Harbor is a difficult question to 
approach. It seems incomprehensible that the Hampton 
Harbor population is genetically isolated from those of 
Hampton Beach. However, there still exists the possibility 
that even from a common gene pool and common reservoir of 
larvae, there could be a selective difference of survival 
among genotypes after metamorphosis. The other likely 
6M p-.eld.& w icr*  * s  u c L “ 1 3 3 2 7 0 : s  cnvizrorvrTiSn cx-i-
factors between these proximate localities may affect 
genetically like organisms in such manner that they 
develop differently. Regardless of whether these differ­
ences are genetic or environmentally induced, there still 
remains the question as to what environmental factors 
might be involved.
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Asymmetry within Interambulacral Areas. Differences 
in the amount of contact between first post-basicoronal 
plates 'a' and 'b' with the basicoronal plates cause devi­
ations from the symmetrical arrangements of plates on the
two sides of the radius running through the middle of the
area in question. The Chi-square figures in the Tables of 
Appendix I indicate that the frequency of the specimens 
that fell into various categories (++, + -, +o, oo, o+, -+),
deviate significantly from a random assortment. The histo­
grams given in Appendix II (Figures A-l to A-30) give 
further support to the routes by which areas lose contact
as indicated in the following paragraph.
Table VII-1 summarizes the number of individuals 
having the various types of contact, or lack of it, between 
the first post-basicoronal plates and the basicoronal plates 
for each of the interambulacra in the specimens collected 
from Bailey's Mistake and Crow Neck, Maine, and Hampton 
Beach and Hampton Harbor, New Hampshire. Inspection of 
this table indicates that in areas 1, 2, 3, 4, and 5, plates
'b1, 'a', 'b1, 'a', and 'a' respectively appear to lose
contact more frequently ahead of the other member of the 
pair. It can readily be seen from Table VII-7 that the 
degree of preponderance varies among the areas and within 
areas among the collections from different localities.
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Table VII-7. Numbers and percentages of specimens, asymmetrical 
around the interambulacral radii, having more contact 
with 'a* than 'br (+- and 4-0 ) and having more contact 
with 'b* than 'a' ( 0+ and -+) according to area of test 
and locality of collection.
Area Series + - and + 0 0 + and - +
No. % No. %
1 CN 179 98. 4 3 1. 6
BM 128 98. 5 2 1. 5
■ KB 239 83. 3 48 16.7
HH 225 97. 0 7 3.0
2 CN 22 11. 2 175 88. 8
BM 24 13. 6 152 86.4
HB 64 29. 5 153 70.5
HH 74 36. 8 127 63.2
3 CN 110 60. 8 71 39.2
BM 120 ' 78. 9 32 21.1
HB 99 47. 6 109 52.4
HH 136 70. 5 57 29.5
4 CN 4 2. 0 201 98.0
BM 0 0.0 175 100.0
HB 19 7 .0 254 93.0
HH 3 1.3 236 98.7
5 CN 0 0. 0 62 100.0
BM 4 5. 3 72 94.7
HB 9 4. 1 211 95. 9
HH 12 6.4 176 93. 6
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Areas 1, 4, and 5 are strongly one-sided; area 2 less so; 
and area 3 least of all, and in one collection, that from 




In this study variations among populations of sand 
dollars {E. parma) from different localities have been 
noted. These variations pertain to relative linear dimen­
sions, test weight, numbers of pore-pairs in the petals, 
and the degree and nature of contact between the first post- 
basicoronal interambulacral plates and the basicoronal 
plates.
The preponderance of relatively longer specimens 
from Crow Neck, Maine, where they live in what is essentially 
a reversible tidal river, and the strong tendency for 
specimens to be wider than long at Hampton Beach, New 
Hampshire, Bailey's Mistake, Maine, and Scusset Beach, 
Massachusetts, where they live on surf swept beaches, 
suggest that in some way the nature of the water movement 
where these animals live may affect their shape or bring 
about a selection .,uch that longer individuals are selected 
where there are fairly strong currents flowing in one direc­
tion for several hours continuously, and wider specimens 
are selected where there is a mixture of current, often 
frequently reversing, and with the pounding of breaking
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waves. The occurrence of populations intermediate in this 
respect in localities where there is little surf, and what 
appears to he less current, supports the idea that there is 
some sort of correlation between the relative linear dimen­
sions of these animals and the nature of the environment in 
which they live.
That there may he correlations between habitat and
relative linear dimensions in other scutellinids is
suggested by the literature discussing the status of
Dendraster excentricus var. elongatus H. L. Clark 1935.
Clark clearly considers it a variety. Grant and Hertlein
(1933) at least tentatively accept Clark's opinion.
MacGinitie and MacGinitie (1949) think there are two species
which differ in form and habitat requirements. Mortensen
(1948) considers this variation not to justify even varietal
status. Durham (1955), without mention of the taxonomic
question, states,
It seems that the excentricity of the apical system 
and the greater posterior development of the food 
grooves is correlated with this habit (living on the 
edge where not too strongly affected by wave action).
The nonexcentric species (specimens?) probably lie 
flat on the sea floor.
Thus there appears to be a somewhat similar problem among
populations of Dendraster on the Pacific Coast. Because
the varietal name "elongatus" applied to the populations
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living in quiet water suggests that the animals are longer 
than those typical for the species that live on the surf 
swept beaches, it would appear that the correlation between 
relative linear dimensions and water movement in the habitat 
is the same in Dendraster as in Echinarachnius. There is, 
however, a question concerning what Clark (1935) considers 
length. He describes the holotype as being 41.5 mm. long 
and 40 mm. wide, but the specimen the MacGinities (1949) 
illustrate (Figure 100, page'238) is distinctly wider than
results from differences in terminology -- i.e. what is 
meant by "length" -- or from real differences between 
Clark's and the MacGinities1 concept of the variety. To 
settle this, Clark's holotype (M.C.Z., No. 6040, not 3343 
as Clark says) has been examined and measured. It is in 
fact longer than wide (41.2 mm. long X 40.5 mm. wide by my 
measurement) as are the two paratypes (M.C.Z., No. 6041). 
Thus one is tempted to suspect that Clark (1935) and the 
MacGinities (1949) had rather different ideas concerning the 
characteristics of the variety, and careful, reading of 
Clark's (1935) description and the MacGinities' (1949) 
discussion tends to substantiate this, not only in terms 
of shape but also in habitat. Even so it would appear that 
there is need for careful quantitative work aimed at
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determining the nature of any causal relationship that may 
exist between linear dimensions and habitat.
As shown in Table V-2 and Figure V-2 there appear 
to be rather distinct differences in the relationships 
between test weight and mean diameter. The populations 
from Crow Neck, Maine, and Hampton Beach, New Hampshire, 
appear to be at the extremes of the four collections 
examined, with those from Crow Neck being relatively the 
heaviest and those from Hampton Beach being the lightest. 
Again the populations from Bailey's Mistake, Maine, and 
Hampton Harbor, New Hampshire, are intermediate, with those 
from Bailey's Mistake appearing to be slightly the heavier, 
but because of the small amount of overlap in size-range 
between these two populations, this is a questionable 
difference. It is possible that whatever factors may be 
responsible for the differences in relative linear dimension 
may also be operating here in respect to the relationship 
between test-weight and mean diameter. However, it should 
be recalled that Raup (1958) found the tests of the Pacific 
sand dollar Dendraster excentricus to be heavier in weight 
in relation to diameter in populations from cold water than 
those from warmer water and that the available data appear 
to indicate that the mean annual water temperatures for the 
Maine localities are probably some 3°F. lower than those for
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the New Hampshire localities. That there may he other 
factors involved can hardly he douhted. H. L. Clark (1948) 
in an attempt to find a possible causal hasis for explaining 
differences in numbers of coronal plates in tests of the 
regular sea urchin Stroncylocentrotus franciscanus of 
comparable sizes suggests that "unusual features of their 
habitat, such as excessively strong surf or tidal currents" 
may affect this relationship. Sv/an (1962) found that 
specimens of S_. droebachiensis living off the Gaspe from 
shallower and presumably more turbulent water, had more 
coronal plates than those from deeper and presumably 
quieter water. Although I have found no statements in the 
literature on the subject, Dr. Emery F. Swan in conversation 
tells me he strongly suspects that the tests of the 
specimens with relatively more numerous plates are also 
heavier in weight at comparable sizes. In bivalve mollusks 
there appears to be a significant amount of evidence (Shih, 
1937; Swan, 1952) that, more or less generally, factors that 
reduce the rate of growth tend to increase shell thickness 
at comparable sizes. It should, however, always be remem­
bered that mollusks with their exoskeletons and echinoderms 
with their endoskeletons are very different kinds of animals. 
Thus, although similarities may appear great, caution should 
be used when speculating concerning what might happen in one
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group on the basis of what has been observed in the other. 
That oxygen content of the water could affect shell or test 
thickness through its effect on ease of precipitation of 
CaCO^ should be considered. Finally the possibility of 
the selection of different genetic types by different sets 
of environmental factors cannot be ruled out. Under some 
conditions it is possible that heavier tests would have 
distinct survival value whereas under others lighter tests 
might be advantageous.
The findings concerning the numbers of pore-pairs 
in the petals of specimens from the four populations studied 
in this respect are puzzling in view of Durham's (1955) idea 
that the older specimens of comparable size would have more 
plates in the petals and in view of the aforementioned idea 
that the older specimens would have heavier tests. The 
fact that the specimens from Crow Neck are heaviest would 
indicate them to be slow growing, and their having the 
smallest numbers of pore-pairs in the petals would indicate 
them to be rapidly growing. Thus it appears that until 
studies have been made in which the ages or growth-rates 
characteristic of populations are definitely determined, 
test weight and numbers of pore-pairs in the petals must 
be considered as independent of each other and neither 
should be considered as having a proven relationship to
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growth rate.
The loss of contact between first post-basicoronal 
interambulacral plates and the basicoronal plates varies in 
respect to number of areas involved, apparent sequence among 
areas, and in the asymmetry of contact within the areas 
which appear to be in the process of losing contact. The 
number of areas "out of contact" is subject to increase as 
the individual grows —  at least initially. Thus specimens 
with (or populations averaging) more areas "out of contact" 
may be thought of as being more advanced or progressive.
This agrees with Durham's (1955) idea that primitive genera 
and species near the ancestral stock regain contact whereas 
more highly evolved taxa are characterized by increasing 
loss of contact. Among the regular echinoids Jackson (1912) 
on similar grounds considered the exsert condition of ocular 
plates to be primitive and the insert condition more pro­
gressive. From the studies of Jackson (1912), Vasseur 
(1951, 1952), and Swan (1958, 1962) it appears that for 
Strongylocentrotus higher salinities and lower temperatures 
go hand in hand with the more progressive development 
characterized by more ocular plates insert. For the 
tropical Tripneustes, however, Jackson's (1914) data suggest 
the opposite relationship with temperature. _E. parma is 
essentially a boreal species, and the higher numbers of
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areas "out of contact" in the collections from Maine, 
indicating them to be more progressive, might suggest that 
this species like Strongylocentrotus attains a more pro­
gressive condition in cooler water. Much caution should be 
used, however, in making even tentative conclusions on the 
basis of these few data. One cannot determine a trend from 
two points (the New Hampshire series as compared with those 
from Maine); and when the mean number of areas "out of 
contact" is calculated for Durham's (1955, Table 3, p. 108) 
series of _E. parma from Woods Hole, Massachusetts, the value 
obtained is 1.71. At first glance it is apparent that this 
figure is nearly up to the overall average value for Crow 
Neck, Maine; but when the effect of the size of the 
specimens is considered, conclusions based on comparison of 
these overall averages become obviously questionable. If 
the specimens Durham (1955) used for his Table 3 are the 
same ones used for Table 2, which were said to range from 
50 to 62 mm. in average diameter, they are in the size 
range where a convergence in numbers of areas "out of 
contact" occurs among the collections from Maine and New 
Hampshire and thus indicate little.
This convergence, as shown in Figure VII-2, makes 
one wonder if the loss of contact by additional areas may 
not cease when a certain size or age is reached. As shown
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by Jackson (1912) and verified by Swan (1958), this appears 
to be the case for ocular plates becoming insert in 
Strongylocentrotus droebacniensis. The arrangement of 
points (Figure VII-2) relating average numbers of areas 
"out of contact" to mean diameter for the sand dollars 
from Crow Neck certainly appears to suggest a curve becoming 
asymptotic to the base line at sorae value between 1.75 and 
2.00 areas "out of contact" for diameters above about 45 mm. 
The "curve" for the population from Hampton Beach appears to 
be roughly parallel to that for Crow Neck but is displaced 
toward lower numbers of areas "out of contact" at comparable 
diameters. There is no indication of flattening out of this 
curve at mean diameters near 45 mm., and no specimens were 
available for sizes that were appreciably above the dia­
meters where the mean number of areas "out of contact" 
reached 1.70. The size ranges of the series from Bailey's 
Mistake and from Hampton Harbor are such that they give 
little help toward answering questions, but the great 
fluctuation shown in the series from Bailey's Mistake in 
regard to numbers of areas "out of contact" intensifies 
another question suggested by the "curve" representing the
further areas lose contact, does the value of this limit 
fluctuate? If so, why? These remain as problems for
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future attack. Before leaving this subject, we should be 
reminded of the fact that Durham's (1955) findings would 
suggest that in sand dollars new plates on the oral side of 
the test are added up to a certain small size after which 
no more are added. The variation he notes in the numbers 
of these plates in E_. parma might be related to differences 
in the time at which their addition ceases in different 
individuals. That the addition of coronal plates may cease 
before regular urchins die or cease growing is indicated by 
Hsia (1948) for two species of Temnopleurus. No work is 
knov/n to the author which indicates whether or not the size 
or number of plates at which this occurs varies within the 
species from one population to another. Again the tempta­
tion to make comparisons with better known organisms in 
other phyla is strong. A great many studies have been made 
on the numbers of vertebrae, fin-ravs, and other serially 
repeated structures in fishes; and generally it appears 
that longer developmental periods (i.e. slower growth 
through the critical stages in development) produce higher 
counts in meristic structures. Low temperatures, high 
salinities, and low oxygen tensions have been shown to 
retard development and produce this effect. Much of the 
pertinent literature on this subject has been discussed and 
listed by Barlow (1961). That light may also affect the
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number of vertebrae formed appears to be the case in at 
least some instances (McHugh, 1954). Perhaps it is no 
mere coincidence that Strono;viocentrotus appears to pro­
gress further in its attainment of insert ocular plates in 
colder or more saline waters and that Echinarachnins tends 
to progress toward having more interambulacral areas “out 
of contact" in eastern Maine than in New Hampshire. It 
would be interesting to check the numbers of plates on the 
oral surfaces of the series from colder and warmer water to 
see if those from colder water had a higher average number.
The sequence of 5, 1, 4, 2, 3 in which interiimbul-
acral areas lose contact is of more than a little interest. 
Although in Strongvlocentrotus the normal sequence in which 
oculars become insert, is I, V, IV, II with no record of 
all oculars insert, there are many genera of regular 
urchins v/here the normal sequence is V, I, IV, II, III 
(Jackson, 1912). Jackson (1912, 1914), Vasseur (1952), and
Swan (1962) have all noted that localities differ from one 
another in respect to the frequency with which aberrant 
variant combinations of oculars insert occur in various 
species of regular urchins. Thus the fact that one of the 
localities here studied (Hampton Harbor) is characterized 
by so many deviant arrangements of areas “out of contact" 
among its sand dollars is not surprising, but at present no
explanation can be suggested. Swan (1962) has noted that 
certain aberrant variant arrangements of ocular plates 
insert in Stronqylocentrotus are indicative of "situs 
inversus." The possibility that some of the deviant 
arrangements of areas "cut of contact" in E chin a r achniu s 
may also indicate such deep-seated reversals of asymmetry 
should be more carefully checked. Initial examination of 
the first post-basicoronal ambulacral plates revealed no 
deviations from conformity with Loven's (1874) law (cf. p. 
104, Durham, 1955) that would suggest a reversed pattern.
If all specimens or any suspected of being reversed were 
cut frontally or examined with a fiuoroscope, it should be 
possible to determine the course traversed by the digestive 
tract and get the best evidence from internal anatomy.
The pattern of asymmetry around the central axes 
through the interambulacral areas is very strongly marked 
in areas 1, 4, 5, fairly strongly marked in area 2, and 
rather weakly marked in area 3. It is possible that the 
deviations from the usual arrangements here too might be 
symptomatic of the more deep seated "situs inversus." In 
some respects this study may be considered as an extension 
of Durham's (1955) notable work, which owed a great deal to 
the earlier thinking of numerous workers of whom Loven (1874) 
and Jackson (1912) must be singled out as especially
important. At the same time it is obvious that in the 
present work there are more new avenues of investigation 
suggested than problems completely solved. Workers 
desirous of making additional studies of variation in 
irregular urchins should, in addition to the approaches 
used here, become thoroughly acquainted with the methods of 
Kongiel (1938), Kermak (1954), Nichols (1959a, 1959b, 1962)
and Kier (1962). Correspondence with Mr. Peter Gibbs of 
the University of British Columbia indicates that he is 
presently engaged in a study of variation in Brisaster 
that may be expected to be a significant contribution 
toward our understanding of that genus and may make 





In this investigation an attempt has heen made to 
determine the nature and extent of variation in the sand 
dollar Echinarachnius parma in respect to four character­
istics. These are: 1) Variation in relative linear
dimensions; 2) Variation in test weight; 3) Variation in 
numbers of pore-pairs in the petals; and 4) Variation in 
contact between first post-basicoronal interambulacral 
plates and the basicoronal plates.
Collections were made from eight localities, three 
in Maine (Crow Neck, Bailey's Mistake, Boothbay Harbor), 
three in New Hampshire (New Castle, Hampton Beach, Hampton 
Harbor), and two in Massachusetts (Gloucester, Scusset 
Beach), with a total number of 2220 specimens.
Three kinds of habitat are recognized in this study: 
1) Coarse loosely-packed sand with current; 2) Fine hard- 
packed sand with surf; and 3) Sand and mud substratum with 
little surf and only moderate current.
It appears from this study that the majority of 
sand dollars living in the current grow longer than wide, 
whereas the majority of the sand dollars living on sandy
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beaches with surf grow wider than long.
The animals that live in the habitat with current 
tend to have smaller numbers of pore-pairs than the others.
The weights of the tests of specimens from locali­
ties in Maine (Crow Neck, Bailey's Mistake) were found to be 
heavier than those from the New Hampshire localities (Hampton 
Beach, Hampton Harbor). In this connection it is noted that 
the average annual water temperatures near the Maine locali­
ties have been recorded as some 3°F lower than from near the 
New Hampshire localities. This seems to correspond with 
Raup1s (1958) work which has shown that the Pacific sand 
dollar Dendraster excentricus produces heavier tests in 
colder water.
The populations from Maine average higher in the 
number of areas "out of contact" than do the New Hampshire 
populations. The most frequent sequence in which the areas 
of the test lose contact appears to be 5, 1, 4, 2, 3. All 
the possible combinations of areas "out of contact," however, 
have been found among the 1282 specimens examined. As had 
been previously noted (Durham, 1955), Hampton Harbor supports 
a population of unusual variability in this respect. There 
appears to be a fairly definite tendency within each of the 
areas of the test for one of the first post-basicoronal 
interambulacral plates to lose contact ahead of the other 
except possibly in area 3.
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Table A - l  to A -4 . Numbers of specim ens in each s iz e  
group for each interam bulacral area  from  each  
loca lity  having the sev era l p ossib le  combinations 
of extent of contact between basicoronal plate 
and f ir s t  p ost-b asicoronal p lates. F igures in 
parentheses represent portion of X2 for area  in 
s iz e  group for which the combination is  respon­
sib le . F igures before parentheses are actual 
numbers of specim ens and figures above them  
indicate their p ercen tages.
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Table A - l .  Crow Neck
L+W Area a b a b a b a b a b a b
X 22 + + + + 0 o 0 o + +
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Table A - l  (con t.).
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Table A-2. Bailey's Mistake
L+W
2



































18(33. 800) 43. 200
54. 9
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Table A -2  (cont.).












1 0.0% 17.4% 23. 9% 58.7% 0.0% 0.0%1 0(7.667) 8(0. 014) 11(1. 449) 27(48.749) 0(7. 667) 0(7. 667) 73. 213
o 10. 9% 0. 0% 0. 0% 39. 1% 15.2% 34. 8%
7 0 . 0 - c, 5(0.928) 0(7. 667) 0(7. 667) 18(13. 926) 7(0.058) 16(9. 057) 39. 303
74. 9
Q 13. 0% 39. 1% 10. 9% 32. 6% 2.2% 2.2%U 6(0.362) 18(13. 926) 5(0.928) 15(7. 014) 1(5.797) 1(5. 797) 33. 824
N=46 A 4.3% 0.0% 0.0% 56. 5% 23. 9% 15.2%*t 2(4.189) 0(7. 667) 0(7. 667) 26(43. 837) 11(1. 449) 7(0. 058) 64. 867
0.0% 0.0% 0.0% 84. 7% 4.3% 10. 9%0 0(7.667) 0(7. 667) 0(7.667) 39(128. 049) 2(4.189) 5(0. 928) 156. 167
0.0% 15. 0% 35. 0% 50. 0% 0.0% 0.0%1 0(6. 667) 6(0. 067) 14(8.066) 20(26. 664) 0(6. 667) 0(6. 667) 54.798
9 7.5% 2. 5% 7. 5% 30. 0% 10. 0% 42. 5%
75. 0- Ci 3(2.017) 1(4. 817) 3(2.017) 12(4. 266) 4(1.067) 17(16. 015) 29. 569
79. 9
Q 20. 0% 40. 0% 10. 0% 20. 0% 7.5% 2. 5%J 8(0.267) 16(13.065) 4(1.067) 8(0. 267) 3(2.017) 1(4. 817) 21. 500
N=40 A 0.0% 0. 0% 0. 0% 40. 0% 35. 0% 25.0%4 0(6.667) 0(6. 667) 0(6.667) 16(13. 065) 14(8.066) 10(1. 666) 42 .798





























a b  a b  a b  a b  a b  a b
+ + + -  + o  o o  o +  -  +
12. 5% 56.3% 6. 3% 25.0% 0.0% 0. 0%
2(0.167) 9(15.038) 1(1.042) 4(0. 666) 0(2. 667) 0(2. 667)
31. 3% 6. 3% 0. 0% 18. 8% 0.0% 43. 8%
5(2.041) 1(1. 042) 0(2.667) 3(0. 042) 0(2.667) 7(7. 040)
18. 8% 50. 0% 0.0% 25.0% 0.0% 6. 3%
3(0.042) 8(10. 664) 0(2.667) 4.(0. 666) 0(2. 667) 1(1. 042)
6. 3% 0.0% 0.0% 18. 8% 12. 5% 62. 5%
1(1.042) 0(2. 667) 0(2.667) 3(0. 042) 2(0.167) 10(20. 162)
25. 0% 6. 3% 0. 0% 25. 0% 18. 8% 25.0%
4(0. 666) 1(1. 042) 0(2.667) 4(0. 666) 3(0.042) 4(0. 666)
2.7% 48. 0% 24. 0% 21. 3% 0.0% 4. 0%
2(8. 820) 36(44. 180) 18(2.420) 16(0. 980) 0(12. 500) 3(7. 220)
21.3% 21.3% 4.0% 21. 3% 5.3% 26.7%
16(0.980) 16(0. 980) 3(7.220) 16(0. 980) 4(5.780) 20(4. 500)
28. 0% 34. 7% 4.0% 9. 3% 0.0% 24. 0%
21(5.780) 26(14. 580) 3(7.220) 7(1. 620) 0(12. 500) 18(2. 420)
2.7% 1.3% 0. 0% 21. 3% 21.3% 53. 3%
2(8. 820) 1(10. 580) 0(12. 500) 16(0. 980) 16(0. 980) 40(60. 500)
13. 3% 2.6% 1.3% 24. 0% 13. 3% 45. 3%
10(0. 500) 2(8. 820) 1(10.580) 18(2.420) 10(0. 500) 34(36. 980)
3.3% 42. 9% 32. 2% 19. 8% 0.0% 1.7%
4(12.960) 52(50. 247) 39(17. 587) 24(0.729) 0(20. 167) 2(16.365)
17.4% 20. 7% 0.8% 19. 0% 6. 6% 35. 5%
21(0.034) 25(1. 158) 1(18.217) 23(0. 398) 8(7. 341) 43(25. 851)
23. 9% 34. 7% 7.4% 17. 4% 0. 8% 15.7%
29(3.869) 42(23. 637) 9(6.183) 21(0. 034) 1(18. 217) 19(0. 068)
1.7% 1.7% 0. 0% 17.4% 30. 6% 48. 8%
2(16. 365) 2(16. 365) 0(20. 167) 21(0. 034) 37(14. 050) 59(74.776)
9. 9% 1.7% 0.0% 33. 1% 12.4% 42. 9%
12(3.307) 2(16. 365) 0(20. 167) 40(19. 505) 15(1. 324) 52(50.247)
3.6% 54. 2% 18.1% 21.7% 0. 0% 2.4%
3(8.484) 45(70.673) 15(0.098) 18(1. 255) 0(13. 833) 2(10. 122)
7. 2% 28. 9% 1.2% 16. 9% 10. 8% 34. 9%
6(4.435) 24(7.473) 1(11. 905) 14(0.002) 9(1.689) 29(16. 629)
18. 1% 40. 9% 9.6% 12.0% 1.2% 18. 1%
15(0.098) 34(29. 401) 8(2.459) 10(1.062) 1(11. 905) 15(0. 098)
2.4% 0. 0% 0.0% 21.7% 15. 7% 60. 2%
2(10.122) 0(13. 833) 0(13. 833) 18(1. 255) 13(0.050) 50(94. 560)
9. 6% 6.0% 1.2% 21.7% 14. 5% 46. 9%
8(2.459) 5(5.640) 1(11. 905) 18(1.255) 12(0.243) 39(45.787)
0.0% 43.8% 18. 8% 37.5% 0.0% 0.0%
0(2. 667) 7(7.039) 3(0. 042) 6(4. 165) 0(2.667) 0(2. 667)
12. 5% 6. 3% 12.5% 25.0% 6. 3% 37. 5%
2(0. 167) 1(1.042) 2(0. 167) 4(0. 666) 1(1. 042) 6(4. 165)
25.0% 31.3% 6.3% 25.0% 0.0% 12. 5%
4(0. 666) 5(2.041) 1(1.042) 4(0. 666) 0(2. 667) 2(0. 167)
0.0% 0. 0% 0.0% 43. 8% 12. 5% 43. 8%
0(2. 667) 0(2. 667) 0(2. 667) 7(7. 039) 2(0.167) 7(7.039)
0.0% 0. 0% 0.0% 56.3% 6.3% 37.5%
0(2. 667) 0(2. 667) 0(2. 667) 9(15.038) 1(1.042) 6(4.165)
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Table A-4. Hampton Beach
L+W Area a b a b a b a b a b a b to
_2_ + + + “ + 0 0 0 o + +










1(5. 307) 100. 298












18(16. 374) 52. 579
29. 9










15(8. 561) 45. 603





















25(44. 372) 72. 951








































































































34(65. 195) 81. 599


































31(16. 528) 56. 230
44. 9










22(3. 078) 79. 042























Table A -4  (co n t . ).
L+W Area a b a b a b a b a b a b X22 + + + + 0 0 0 o + +










2(9.796) 7 7 .7 1 7












28(15. 574) 39. 073
49. 9










22(5. 352) 54. 630
































2(4. 500) 31. 250












12(2. 000) 18 .750
58. 6










11(1.125) 3 0 .250










17(10. 125) 3 6 .250













Figures A -l to A-20. Distribution of percentages of 
number of specim ens in various categories 
of contact (++, + -, +o, oo, o+, -+ ) in 
different s iz e  groups at 5 mm. intervals.
Figures A-21 to A-30. Comparison of percentages of 
number of specim ens in various categories  
of contact (++, +-, +o, oo, o+, -+ ) of com ­
parable s iz e . The collections are from  
Crow Neck (CN),  B ailey's Mistake (BM),  
Hampton Harbor (HH), and Hampton Beach 
(HB).
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F igu re A -10. B a ile y 's  M istake, in teram b u lacra l a rea  3.
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Figure A-12. Hampton Beach, interambulacral area 3.
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